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Presented  March  1st,  1899. 


WITH  DISCUSSION. 

Certain  rules  and  practices  in  street  improvements  have  been  formu- 
lated in  the  larger  cities,  which,  although  desirable,  cannot  always  be 
applied  to  similar  work  in  the  smaller  ones.  The  size,  topography,  and 
general  local  conditions  of  a  city  largely  determine  the  character  of 
the  street  grades  and  cross-sections,  and  their  plan  of  arrangement. 

A  slight  departure  from  customary  methods  was  made  by  the 
author  in  arranging  the  grades  and  cross- sections  to  be  used  in  the 
recent  construction  of  sheet-asphalt  roadways  and  cement  walks, 
curbs  and  glitters,  in  a  part  of  the  business  district  of  Wabash,  Ind. , 
a  small  city,  having  a  population  of  about  11  000.  The  old  grades,  as 
established,  were  poorly  adapted  for  the  proposed  improvement,  and 
a  careful  adjustment  of  those  involved  was  prepared,  with  the  object 
of  having  the  finished  work  as  substantial,  convenient  for  use,  and 
harmonious  as  the  local  circumstances  would  permit.  Generally, 
the  improvement  might  be  regarded  as  unnecessary  side-hill  construc- 
tion on  a  comi^aratively  flat  surface;  a  condition  unwarranted,  in  view 
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of  the  original  toi^ograpliy  of  the  inchidecl  territory,  and  yet  not  now 
admitting  of  radical  changes. 

The  erection  of  many  of  the  buildings  within  the  limits  of  the  im- 
provement had  preceded  the  adoption  of  any  grades  by  the  city 
authorities,  and  to  this  tardiness  of  the  proper  municipal  officers  in 
establishing  common  gradients,  may  be  attributed  much  of  the  irregu- 
larity in  the  elevations  of  the  floors  of  the  difierent  business  rooms. 

In  the  rearrangement  of  grades,  the  sidewalks  were  raised  from 
1  in.  to  12  ins.  above  the  floors  of  some  dozen  adjoining  store  rooms. 
The  ov/ners  of  the  buildings  aifected,  in  several  instances,  waived  all 
claims  for  damages  occasioned  by  such  changes,  and  the  remaining 
cases  were  referred  to  the  Board  of  City  Commissioners  for  assessment 
of  benefits  and  damages. 

There  are  few  places  in  the  improvement  where  the  two  oiaposite 
walks  on  any  street  are  on  the  same  grade.  This  inequality  between 
the  elevations  of  opposite  points  on  the  proi^erty  lines  of  any  street 
attains  a  maximum  of  2.45  ft.  on  a  street  width  of  90  ft. ,  and  1. 65  ft.  on 
a  street  width  of  66  ft. 

The  prominent  feature  in  the  arrangement  of  the  grades  and  sec- 
tions described  in  this  paper  is  what  is  here  called  the  "double 
curb,"  which  consisted  of  a  lower  or  roadway  section  and  an  upper 
or  sidewalk  section,  so  shaped  as  to  form  steps  from  the  gutter  to 
the  walk.  The  principal  factors  entering  into  the  details  of  the 
adjustment  were  the  determination  of  the  location  of  the  crown  line 
of  the  roadway,  the  height  of  the  exposed  vertical  face  of  the  curb, 
and  the  form  and  amount  of  transverse  slope  of  the  roadway  and  walk. 

The  streets  (Fig.  1)  are  either  90  ft.  or  66  ft.  wide  between  outside  or 
property  lines,  and  are  paved  for  the  full  width  with  asphalt  or  cement, 
with  the  exception  of  one  block  on  Market  street  (not  shown  in  Fig.  1), 
where  half  the  sidewalk  space  on  either  side  of  the  roadway  is  paved 
with  cement  and  the  other  half  graded  into  lawn.  On  the  90-ft.  street, 
the  roadway  between  curb  faces  is  59  ft.,  and  either  walk,  including  the 
curb,  is  15|  ft.  wide.  The  66-ft.  streets  have  roadways  40  ft.  in  width 
between  curb  faces,  and  either  walk,  including  the  curb,  is  13  ft.  wide. 

All  roadways,  exclusive  of  gutters,  are  paved  with  sheet  asphalt 
consisting  of  a  2-in.  toj},  and  a  1-in.  bituminous  binder,  on  a  6-in. 
hydraulic  concrete  base.  The  walks,  curbs  and  gutters  are  laid  with 
granite-faced  cement  concrete;  the  walks  being  5  ins.  and  the  curbs 
and  gutter  6  ins.  thick. 
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The  curb  and  gutter  tliroughout  were  combined,  and  constructed 
as  a  monolith,  in  sections  G  ft.  in  length.  The  roadway  edge  of  the 
curb  is  turned  with  a  2-in.  radius,  and  the  junction  of  the  curb  and 
gutter  was  effected  with  a  radius  of  1^  ins.  From  out  to  out  the  com- 
bined curb  and  gutter  measures  22  ins. ;  6  ins.  for  the  curb  and  16  ins. 
for  the  gutter.  The  exposed  vertical  height  of  the  curb  varies  from  a 
minimum  of  0.3.3  ft.  to  an  extreme  of  0.85  ft. 

The  double  curb  is  composed  of  a  lower  or  roadAvay  section  and  an 
upper  or  sidewalk  section  constructed  on  parallel  lines;  the  roadway 
face  of  the  latter  being  12  ins.  from  the  roadway  face  of  the  roadway 
curb  and  the  top  flush  with  the  sidewalk.  The  exposed  vertical 
height  varies  from  nothing  to  a  maximum  of  0.92  ft.,  and  the  edge  is 
turned  with  a  2-in.  radius.  The  lower  or  roadway  section  has  a  top 
width  of  12  ins.,  and  is  the  regular  roadway  curb  increased  by  the 
addition  of  a  6-in.  block  of  cement  fitted  into  the  space  between  the 
regular  curb  and  the  sidewalk  curb,  the  top  surface  of  the  additional 
piece  being  flush  with  the  top  of  the  roadway  curb.  The  exposed  vertical 
height  of  the  roadway  section  varies,  as  in  the  case  of  the  regular  road- 
way curb,  from  0.33  ft.  to  0.85  ft.  This  double  curb  was  designed  to  be 
used  where  the  height  from  the  gutter  to  the  top  of  the  walk  was  more 
than  10  ins. ,  but  did  not  exceed  21  ins.  Risers  of  10  and  11  ins.  in  steps 
are  rather  excessive,  but  it  was  thought  that  the  exigencies  of  the  situa- 
tion permitted  their  adojition  in  the  few  places  where  they  were  used. 

All  cut-ofi"  boxes  for  gas  and  water  sujjply  to  btiildings,  were  placed 
in  the  sidewalk  space  immediately  back  of  the  regular  curb,  and  where 
encountered  contiguous  to  the  double  curb,  they  were  fitted  into  the 
widened  portion  of  the  lower  section. 

Several  short  stretches  of  good  stone  sidewalks  had  been  con- 
stmcted  by  property  owners  under  previous  city  ordinances,  and  after 
some  adjustment  were  allowed  to  remain.  They  comprised  the  north 
walk  on  Canal  Street,  from  Miami  Street  to  Wabash  Street,  and  several 
small  lengths  on  both  sides  of  Market  Street,  between  Wabash  and  Hunt- 
ington Streets.  Those  on  the  north  side  of  Market  Street  had  been  paved 
to  a  width  of  only  12  ft.,  thus  necessitating  a  widening  of  several  feet. 

Frequently,  in  street  construction,  where  the  side  lines  are  on  dif- 
ferent gradients,  one  gutter  is  placed  higher  than  the  other,  and  the 
transverse  form  of  the  roadway  made  either  on  a  straight  line  between 
the  two  gutters,  or  in  the  form  of  half  an  arc,   the  chord  of  which  is 
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double  the  width  of  the  roadway.  When  the  former  is  used,  sags  or 
depressions  have  a  tendency  to  develop  in  the  iiavement,  especially 
where  the  roadway  is  wide,  and  with  either  one,  the  objection  might 
be  raised,  that  carriage  and  street  car  travel  are  not  best  accommo- 
dated. It  was  decided  to  preserve  a  crown  line  within  the  road- 
way throughout  this  improvement,  due  consideration  having  been 
given  to  other  conditions;  and  to  keej^  it  preferably  in  the  center;  but, 
as  an  expedient,  in  one  block  of  pavement  on  Miami  Street,  the  crown 
line  was  shifted  7  ft.  from  the  center  toward  the  high  side  of  the  street, 
as  shown  in  Sections  Nos.  1  and  2,  Fig.  2.  With  this  single  exception 
the  crown  line  was  maintained  in  the  center  of  each  roadway. 

The  three  usual  forms  for  roadway  crowns  are,  the  parabolic  and 
circular  curves,  or  a  combination  of  either  one  with  tangent  sides.  Of 
these,  the  first  two  are  nearly  always  alike,  while  the  last  may  be 
arranged  quite  dififerently  from  either.  The  form  used  by  the  author 
was  a  parabolic  curve,  and  yet,  for  all  practical  jjurposes,  it  might  be 
called  the  segment  of  a  circle,  since  a  calculation  of  both  curves  shows 
their  corresponding  ordinates  to  be  almost  identical  where  the  propor- 
tion of  rise  to  span  is  so  small  as  prevails  in  the  construction  of  city 
pavements.  The  distance  from  the  edge  of  the  gutter  to  the  crown  line 
was  divided  into  eight  equal  parts,  the  division  points  being  numbered 
consecutively  from  "0  "  at  the  crown  line,  to  "8  "  at  the  gutter,  and  the 
formula,  as  deduced  for  determining  the  ordinates  from  the  surface  of  the 
pavement  to  a  horizontal  line  level  with  the  crown  point,  is  as  follows: 
Ordinate  at  the  crown  point  0  :=  0 

"       1   =  0.0156  Cor-h  C 
"  "      2 

"       3 

<.      4 

"       5 

"       6 

"       7 

"  edge  of  gutter  "      8 

in  which  C  equals  the  crown,  for  the  distance  sjjecified. 

The  amount  of  crown  of  each  roadway  from  the  face  of  the  curb  to 
the  crown  line  is  Z%  of  the  horizontal  distance  between  the  two  jjoints 
named.  Of  this  amount  the  gutter  has  a  uniform  slope  of  0.08  ft.,  in 
its  width  of  16  ins.,  and  the  remainder  is  the  rise  or  crown  for  the 
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asphalt  portion.  Id  tlie  case  of  a  roadway  40  ft.  in  -vvicltli  between  curb 
faces,  with  the  crown  line  in  the  center,  the  total  rise  or  crown  is  0.60 
ft. ,  and  the  crown  in  the  asphalt  portion  which  is  included  between 
the  gutter  edges  is  0.52  ft.  This  latter  rise,  as  before  stated,  is  pro- 
portioned on  the  form  of  a  parabolic  curve. 

The  crown  and  gutter  lines  in  each  block  of  pavement  are  on  par- 
allel longitudinal  grades  throughout,  excepting  the  small  deviations 
made  on  Market  Street  on  either  side  of  the  Wabash  and  Market  Street 
intersection.  These  roadway  grades  range  from  a  minimum  of  0.'65% 
to  a  maximum  of  2.42  per  cent. 

The  cross-slope  of  the  sidewalks  is  on  a  riniform  inclination  from 
the  property  lines  of  the  streets  to  the  curbs,  and  varies  in  amount 
from  0.01.55*^  to  an  occasional  4:%  grade. 

The  plan.  Fig.  1,  exhibits  the  dimensions  of  the  streets,  the  location 
of  the  regular  and  double  curbs  and  the  longitudinal  grade  of  the 
roadways.  The  two  large  similar  fig-ures  on  the  same  line  refer  to  the 
numbers  of  the  detailed  outline  sections  shown  in  Fig.  2. 

Outlines  of  nine  different  cross-sections  of  the  streets  are  repre- 
sented in  Fig.  2,  indicating  the  amount  of  slope  given  to  the  roadway 
and  walks,  together  with  the  excess  of  elevation  of  one  walk  over  the 
other  at  the  location  cited.  Sections  Nos.  10,  11  and  12,  in  Fig.  3,  are 
the  forms  of  crown  for  the  several  roadways,  with  the  ordinates  given 
in  decimals  of  a  foot,  as  calculated  by  the  parabolic  formula.  The 
form  for  the  40-ft.  roadway  having  the  crown  line  in  the  center,  is 
shown  in  section  No.  10,  the  curve  corresponding  closely  with  a  circu- 
lar arc  having  a  radius  of  335.30  ft.  Section  No.  11  is  the  form  for  the 
40-ft.  roadway  having  the  crown  hue  shifted  7  ft.  from  the  center,  and 
contains  two  curves.  The  short  one  on  the  right  has  a  rise  or  middle 
ordinate  of  0.31  ft.,  a  half  chord  of  llf  ft.,  and  corresponds  closely  with 
a  circular  arc  having  a  radius  of  219.68  ft. ;  the  longer  one  on  the  left 
has  a  rise  or  middle  ordinate  of  0.73  ft.,  a  half  chord  of  251  ft.,  and 
corresponds  with  a  circular  arc  having  a  radius  of  451.58  ft.  The 
form  shown  in  section  No.  12,  was  used  for  the  59-ft.  roadway,  the 
corresponding  circular  arc  having  a  radius  of  496.25  ft. 

The  dou.ble  curb  and  glitter,  and  the  combined  single  curb  and 
gutter  are  shown  in  sections  Nos.  13  and  14,  respectively. 

Two  views  of  Wabash  Street,  taken  before  and  after  the  construc- 
tion of  the  improved  pavement,  are  shown  on  Plate  I. 
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DISCUSS  roN. 


James  Owen,  M.  Am.  Soc.  C.  E. — In  regard  to  tlie  question  of  Mr.  Owen, 
crown,  the  speaker's  ideas  are  somewhat  decided.  It  is  his  desire  to 
impress  upon  everybody  the  fact  that  the  roadway  itself  is  made  j^rim- 
arily  for  wagon  travel,  and  that,  per  se,  a  level  cross-section  is  much 
more  advantageous  for  such  travel  than  any  other  cross-section.  A 
departure  therefrom  can  only  be  tolerated  because  there  are  over- 
coming disadvantages  against  it.  The  original  country  road  was 
piled  up  probably  2  ft.  in  the  center  so  that  the  water  could  be  shed 
to  the  glitters.  As  the  character  of  highways  has  been  improved,  the 
crown  has  been  gradually  decreased,  until,  with  the  improved  pave- 
ments of  to-day,  it  seems  to  the  speaker  that  the  crown  is  scarcely  a 
matter  of  consideration,  and  in  his  practice,  in  both  asphalt  and  brick 
pavements,  he  has  reduced  it  to  about  3  ins.  in,  say,  40  ft. 

The  only  advantage  of  the  crown  is  to  shed  the  water  to  the  sides 
in  order  to  avoid  the  wash  of  the  perishable  material  of  the  roadway 
and  the  damage  ensuing  therefrom.  For  a  permanent,  smooth  road- 
way, either  of  granite  blocks,  brick  or  asphalt,  no  argument  can  be 
advanced  in  favor  of  any  crown  at  all,  excej)t  such  as  is  needed  to 
shed  the  water,  at  the  proper  point,  away  from  the  street  entirely. 
In  fact,  the  question  of  using  the  roadway  itself,  from  curb  to  curb,  as 
a  gutter,  is  now  quite  often  considered;  and  the  question  of  economy 
in  constructing  storm  sewers  is  being  considered  in  that  light.  For 
instance,  on  a  side  hill,  with  streets  at  right  angles  to  the  slope,  it  is 
economical  to  use  the  streets  themselves  as  gutters  and  discharge  the 
water  into  the  storm  sewer  at  each  cross  street,  the  latter  being  pro- 
vided with  a  crown  in  order  to  divert  the  water  into  the  sewer.  The 
speaker  thinks  that  practice  is  going  to  be  more  in  vogue  than  it  has 
been. 

In  considering  the  elimination  of  crown  as  much  as  possible  from 
street  construction,  it  will  be  seen  that  these  difficulties  will  disap- 
pear entirely.  The  speaker  agrees  with  Mr.  Tillson  that  he  could 
have  solved  the  i3roblem  without  the  crown,  and  could  also  have 
avoided  the  steps  in  the  gutter  line. 

The  relation  between  the  roadway  and  the  depth  of  the  gutters  is 
purely  arbitrary.  In  the  business  part  of  Yonkers,  two  or  three  years 
ago,  the  speaker  noticed  that,  in  the  improved  streets,  the  sidewalks 
were  from  18  ins.  to  2  ft.  above  the  roadway.  That,  of  course,  had 
come  about  from  the  fact  that  the  original  grade  was  being  altered, 
and,  in  permanent  improvements,  some  kind  of  a  grade  had  to  be  es- 
tablished, without  relation  to  the  sidewalks.  The  result  was  that  the 
sidewalk  was  adapted  to  the  improvement  of  the  house,  and  it  would 
have  been  detrimental  to  the  pro^^erty  to  cut  the  sidewalks  down;  that 
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Mr.  On-aL  the  sidevalk.  being  '2  ft.  above  the  street,  offered  no  praotical  dis- 
advantage, and  thai  wagon  travel  could  be  more  evenly  handled  with 
a  sidewalk  IS  ins,  high  than  with  one  onlv  5<  ins.  high.  A  person  can 
step  ont  from  a  c-arriage  more  easilv.  and  can  more  readily  transfer 
freight  to  or  from  a  wagon  when  the  sidewalk  is  IS  ins.  high  than  when 
it*  height  is  only  S  ins. .  and  in  this  instance  the  foot  travel  on  the  spaces 
between  the  exoss  streets  is  very  small.  By  making  proper  arrange- 
ment* at  the  street  intersections  for  the  accommodation  of  foot  travel 
passing  from  the  sidewalk  to  the  street,  no  practical  or  permanent  dis- 
advantage will  resnlt  in  having  the  sidewalk  higher  than  the  stereo- 
typed S  ins.  FnTthermore.  the  saving  is  a  disadvantage,  in  any  way  it 
can  be  considered,  both  by  stepping  from  a  carriage  a  larger  distance 
from  the  sidewalk  and  also  in  carrying  freight  over  that  space. 

The  question  of  the  relation  of  the  sidewalk  on  one  side  of  a  street 
to  that  on  the  otheris  continually  arising.  The  speaker  has  constructed 
roadways  in  which  there  was  a  difference  of  4  ft.  in  the  elevation  of  the 
sidewalks.  Of  course,  that  would  not  be  considered  an  ideal  construc- 
tion, but  it  had  to  be  used.  In  such  cases  a  standard  curb  was  adopted, 
and  the  crown  of  the  roadway  was  pla-ced  about  6  or  S  ft.  from  the 
center  toward  the  higher  side. 
Mx.  Ulrka.  D.  TTleich,  Assoc.  M.  Am.  Soc.  C.  E. — In  constructing  asphalt 
pavements  the  speaker's  experience  has  been  limited,  and  has  generally 
been  in  localities  where  no  curb  lines  have  been  established.  For 
that  reason  he  has  had  no  trouble  in  making  the  crown  suit  the  width 
of  the  road,  and  has  in  nearly  all  cases  made  it  about  4  ins.  for  a  60-ft. 
roadway.  In  constructing  maca^lam  roads,  however,  he  has  ordinarily 
made  it  somewhat  higher.  For  a  20-ft.  road  the  crown  was  generally 
made  4  ins. :  for  a  SO-tt,  road,  6  ins. ;  and  for  a  4(V-ft.  road.  S  ins, 
Mr.  Sonh.  EdwatjT)  P.  XoBiH.  M.  Am.  Soc.  C.  K — In  what  is  now  the 
Borough  of  Manhattan,  in  the  City  of  New  York,  under  the  old  charter, 
the  Water  Purveyor  had  charge  of  all  new  paving,  repaving  and  repairs 
t-o  pavements.  Xew  pavements,  and  all  grading,  regnlating,  curbing 
and  flagging,  were  paid  for  by  assessments  on  the  property  benefited. 
All  repaving  and  repairs  to  the  pavement,  except  those  due  to  open- 
ings in  the  street*  made  by  plumbers  or  companies  having  pipes  or 
conduits  xmder  the  pavements,  were  made  by  the  city  and  paid  for  out 
of  appropriations. 

City  ordinances  require  sidewalks  to  have  a  rise  of  1  in.  per  -5  ft. 
from  the  curb.  The  lower  part  of  the  city  is  mostly  without  official 
grades,  but,  commencing  about  at  Houston  Street,  grades  have  been  es- 
tablished. It  has  not,  however,  been  established  whether  such  grades 
refer  to  the  curb  stones  or  the  middle  of  the  streets.  This  uncertainty 
is,  at  times,  a  matter  of  convenience  to  the  engineer  who  wishes  to  im- 
prove the  profile  of  a  street  that  is  to  be  repaved.  as  it  allows  a  com- 
fortable woriins  latitude. 
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There  is  a  noticeable  exceiDtion  to  this  statement,  viz.,  the  streets  Mr.  North. 
joining  the  Riverside  Drive.  Here,  the  grades  were  established  by  the 
Park  Commissioners  for  the  curbs,  both  on  the  drive  and  on  the  streets 
back  to  the  house  lines.  Unfortunately,  they  were  substantially  level, 
although  the  same  aiithorities  had  established  quite  steep  grades  on 
the  streets  (in  one  instance,  though  not  adjoining  the  Riverside  Drive, 
a  grade  of  18%",  which  is  thought  to  be  the  maximum).  As  any  de- 
parture, in  either  paving  or  curb  setting,  from  the  established  grade,  is 
liable  to  result  in  vacating  the  assessment,  these  level  areas  of  18  to  20 
ft.,  joining,  say,  a  10^  rise,  have  to  be  retained,  and  are  objectionable. 

There  is  also  a  troublesome  practice  by  those  who  are  called  "  skin 
builders,"  who,  contracting  to  build  a  house  with  certain  dimensions 
between  the  floors,  avoid  the  excavation  of  2  and  sometimes  3  ft.  of  rock, 
by  establishing  a  curb  grade  suited  to  their  work  and  also  by  increasing 
materially  the  slope  of  the  sidewalk.  This  swindle  is  generally  un- 
detected, jjarticularly  on  unpaved  streets,  until  the  house  is  paid  for, 
and,  in  some  instances,  causes  considerable  trouble  and  dissatisfaction 
to  the  jaroperty  owner,  as  the  curb  is  generally  reset  on  the  proper 
grade  when  the  street  is  paved,  which  either  necessitates  relaying  the 
sidewalk  in  front  of  the  property,  or  an  approximation  to  the  practice 
described  by  the  author. 

Except  as  in  the  instances  cited,  the  engineer  in  charge  of  the 
streets  in  the  City  of  New  York  probably  has  as  little  trouble  with 
grades  as  in  any  other  city  or  town.  No  ordinance  governs  the  depths 
of  gutters,  but  they  are  called  for  in  all  streets;  nor  is  any  crown 
specified  in  the  city  ordinances. 

On  taking  charge  of  the  paving  in  what  is  now  the  Borough  of 
Manhattan,  with  the  ofltice  of  Water  Purveyor,  it  was  decided  to  make 
the  crown  of  all  asphalted  streets,  with  curbs  at  equal  elevations,  -Y^g 
of  the  distance  between  curbs,  and  the  normal  depths  of  gutters  be- 
between  3^  and  4J  ins.  The  crown  adojated,  combined  with  the  low 
curbs,  gives  a  street  of  apparent  civilization  and  luxury;  the  high 
crown  being  a  survival  from  the  pathmasters'  "turnpiking"  with 
heavy  soils;  and  the  deep  gutters  antedate  sewers.  Some  of  the 
asj)halting  companies  objected  to  these  unprecedentedly  flat  trans- 
verse profiles,  as  the  cost  of  thorough  maintenance  is,  doubtless, 
greater  than  where  water  will  run  off  more  quickly.  It  was  with  some 
satisfaction  that  notice  was  taken  that  the  French  engineers  had  at  last 
adopted  the  same  rise,  viz.,  y^o)  for  the  wheelway  of  the  Alexander  III 
Bridge,  drawings  of  which  were  presented  at  the  meeting  of  the 
Society  on  February  15th,  1899. 

No  complaint  has  ever  been  made,  to  the  speaker's  knowledge,  of 
cellars  flooding  through  insufficient  capacity  of  3i-in.  gutters;  so  it  ap- 
parently may  be  assumed  that  on  asphalted  streets  with  4-in.  gutters 
and  sidewalks  of  one-half  the  width  of  the  wheelway,  rising  at  the  rate 
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above  mentioned,  no  danger  to  cellars  is  to  be  apprehended  if  the 
sewers  have  sufficient  capacity  to  take  off  the  water. 

Objections  are  frequently  made  to  longitudinal  grades  on  asphalted 
pavements,  futile  efforts  having  been  maintained  for  years  by  one  of 
the  city  departments  to  confine  asphalt  to  grades  of  2^%  or  less. 
Small  attention,  however,  is  generally  given  to  transverse  grades,  al- 
though every  one  knows  that  while  on  asphalt  a  horse  may  stumble  in 
the  line  of  draft,  he  almost  invariably  falls  at  right  angles  to  it.  As  a 
matter  of  fact,  it  is  difficult  to  get  a  horse  that  knows  anything  about 
asphalt  to  travel  anywhere  except  in  the  center  of  a  high-crowned  street 
in  slippery  weather.  This  obvious  danger  from  excessive  transverse 
grades  led  to  the  suppression  of  the  crown  in  streets  having  a  trans- 
verse fall  of  much  over  3  per  cent. 

The  first  asphalted  street  jjaved  without  a  crown  was  Eightieth  Street 
between  Fourth  and  Madison  Avenues.  On  Fourth  Avenue  the  diflfer- 
ence  in  elevation  between  curbs  Avas  1.3  ft. ;  by  making  a  7-in.  curb  on 
the  north  and  4-in.  curb  on  the  south  side,  the  fall  was  reduced  to  1.05 
ft.,  or  a  grade  of  3i  per  cent.  The  foundation  was  the  old  trap-block 
pavement  relaid.  The  transverse  profile  at  Fourth  Avenue  was  a  right 
line;  at  Madison  Avenue  it  had  a  rise  of  xio,  and  the  south  curb  was 
somewhat  lower  than  the  north  curb.  The  grades  were  "  boned  in  " 
for  405  ft.  between  the  two  end-profiles  on  the  center,  quarter  and 
curb  lines.     No  settlement  or  distortion  has  been  observed. 

The  above-mentioned  practice  was  often  modified,  where  the  relative 
heights  of  the  curbs  would  admit,  by  reducing  the  length  of  the 
warped  surface  to  150  or  200  ft.  In  other  instances  it  was  thought 
advisable  to  dispense  with  a  crown  for  one  or  more  blocks.  In  such 
cases  there  was  no  gutter  on  the  upper  side.  No  instances  have  come 
to  the  speaker's  knowledge  where  sags  or  depressions  in  the  founda- 
tions have  developed,  either  with  a  relaid  stone  pavement  or  with  a 
concrete  foundation.  In  some  cases,  however,  a  crown  of  about  1  in. 
was  worked  in,  consequent  to  the  turnpike  idea,  as  aforesaid. 

Experience  in  the  City  of  New  York  is  decidedly  against  concrete 
curbs.  While  a  good  curb  can  be  made  of  concrete,  with  projDcr  mate- 
rials and  care,  poor  work  cannot  be  iirevented,  and  many,  if  not  most, 
of  the  concrete  curbs  laid  have  been  scamp  affairs,  with  concrete  made 
of  cinders  and  plastered  with  a  thin  coating  of  poor  cement.  The 
wheel  of  a  grocer's  delivery  wagon  would  cut  this  thin  coating  off,  and 
backing  a  coal  cart  against  the  curb  would  break  it.  The  poorest 
curbs  were  put  down  in  the  tenement  house  districts  where  the  sur- 
roundings are  squalid  enough  without  the  additional  aid  afforded  by 
broken  curbs.  Fortunately,  there  was  a  city  ordinance  requiring  stone 
curbs.  Under  this  ordinance,  samples  of  the  curbs  were  taken  to  court 
and  their  construction,  for  a  time,  at  least,  stopped. 

Mr.  Owen's  suggestion,  that  the  gutter  should  be  in  the  middle  of 
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the  street,  is  worth  consideratiou,  particularly  for  asphalted  streets.  Mr.  North. 
Rain  would  flush  the  pavement  more  quickly,  and  as  the  transverse 
profile  would  be  two  right  lines  joined  by  a  concave  curve,  instead  of 
a  convex  curve  increasing  in  rate  toward  the  side  gutters,  as  at  present, 
the  whole  carriage-way  on  level  streets  could  be  made  equally  avail- 
able for  traffic,  as  it  would  not  be  necessary  to  have  the  transverse  grade 
as  high  as  1  per  cent.  A  single  gutter  in  the  center  of  the  street  is 
found  in  many  Spanish  towns,  and  was  considered  for  some  of  the  nar- 
row streets  in  the  lower  part  of  the  City  of  New  York,  but  the  ordi- 
nance calliug  for  gutters  and  curbs  prevented  its  nse. 

G.  W.  TuiLSON,  M.  Am.  Soc.  O.  E. — The  speaker  has  been  much  Mr.  Tillson. 
interested  in  this  paj)er,  as  it  discusses  a  question  which  he  has  been 
studying  for  some  years.  The  author  has  been  confronted  with  the 
problem  that  always  presents  itself  to  every  engineer  who  attempts  to 
pave  a  street  where  the  grades  have  been  established  by  one  who 
never  expected  the  street  to  be  paved,  or  had  no  idea  of  the  proj)er 
cross-section  of  a  paved  roadway;  or  where  a  side -hill  street  has  been 
built  up,  with  no  consideration  for  the  future  improvement  of  the  street, 
but  only  according  to  the  whims  of  the  individual  property  owners. 

When  such  conditions  exist,  and  the  entire  width  of  the  street  is  to 
be  improved,  the  difference  in  elevation  of  the  curbs  must  first  be  re- 
duced to  a  minimum,  by  giving  the  sidewalks  on  the  high  side  the 
maximum,  and  on  the  low  side  the  minimum,  allowable  slope.  In  the 
same  way,  by  applying  the  maximiim  glitter  to  the  high  side,  and  the 
minimum  to  the  low  side,  the  difference  in  elevation  of  the  gutters  is 
made  as  little  as  jiossible. 

The  best  cross-section  for  the  roadway  itself  is  now  to  be  consid- 
ered. Some  engineers  would  make  this  a  straight  line  from  gutter  to 
gutter.  The  speaker  does  not  think  this  is  right.  Any  little  variation 
from  a  true  i^lane,  caused  either  by  imperfect  work  or  the  action  of 
travel,  will  show  much  more  plainly  than  when  the  surface  is  slightly 
curved.  It  is  also  better  to  prevent  all  the  water  from  running  trans- 
versely across  the  street.  By  locating  the  crown  of  the  street  on  the 
quarter,  instead  of  at  the  center,  and  by  giving  a  slight  rise  from  the 
higher  gutter  to  the  crown,  these  two  difficulties  are  overcome,  the 
difference  in  elevation  is  but  slightly  changed,  and  the  distance  in 
which  to  overcome  it  is  made  considerable. 

The  author  has  adojated  0.33  ft.  for  a  minimum  and  0.85  ft.  for  a 
maximum  gutter.  These  figures  agree  very  closely  with  the  speaker's 
ideas;  but  a  gutter  involving  a  step  of  10  ins.  should  be  used  only  in 
very  extreme  cases,  and  when  to  this  is  added  another  step  of  11  ins., 
and  the  two  are  separated  by  a  ti-ead  of  12  ins. ,  the  construction  is  bad, 
and  should  be  avoided,  unless  it  can  be  shown  to  be  absolutely  the  best 
under  the  existing  conditions.  A  double  curb,  as  constructed,  is  ex- 
pensive, unsightly  and  dangerous. 
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In  Fig.  4  the  speaker  has  taken  fi  ^e  of  the  worst  sections  shown  in 
the  paper  and  has  replattecl  them,  and  on  the  same  base  has  jilatted 
the  sections  he  would  have  used.  The  author's  section  is  shown  by  a 
full  line  and  the  speaker's  by  a  dotted  line,  the  latter  result  being  ob- 
tained by  rising  sidewalk  slopes  and  gutters  within  the  limits  recom- 
mended by  the  author. 

In  Section  No.  5  it  will  be  seen  that  by  making  gutters  0.66  ft.  and 
0.36  ft.  on  the  high  and  low  sides,  respectively,  making  the  crown  on 
the  quarter,  and  allowing  a  rise   of  0. 16  ft.  from  the  gutter  to  the 
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quarter,  a  section  can  be  obtained  which  in  no  place  has  a  greater  slope 
than  the  author's,  which  has  a  step  of  0.66  ft.  instead  of  0.82  ft.  and 
which  does  away  entirely  with  the  double  curb.  On  the  street,  the 
fact  that  the  two  sides  are  unbalanced  would  hardly  be  noticed,  except 
by  a  trained  eye,  and  for  i^ractical  use  this  section  is  as  good  as  the 
other. 

In  Section  No.  7  the  slope  of  the  sidewalk  on  the  low  side  is  re- 
duced to  the  minimum  and  the  depth  of  the  gutter  made  0.36  ft.     On 
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the   other   side   the   maximum   gutter   is  taken,    and  the  rise  to  the  Mr.  Tillson. 
quarter  is  the  same  as  used  in  Section  No.  5.     The  resulting  section 
has  no  slope  in  excess  of  the  author's,  does  away  with  the  double  curb, 
and  has  a  curved  surface  where  that  shown  by  the  author  is  practically 
level,  there  being  but  0.04  ft.  fall  in  20  ft. 

In  Section  No.  2  the  gutter  on  the  low  side  is  made  0.36  ft. ;  on  the 
high  side  it  is  placed  at  the  top  of  the  author's  real  ciirb,  and  the  sec- 
tion is  figured  as  in  No.  7.  This  slope  is  slightly  in  excess  of  that 
used  by  the  author,  but  not  to  such  an  extent  as  to  be  detrimental, 
while  on  the  other  hand  it  does  away  with  the  necessity  of  the  double 
curb. 

Section  No.  9  is  on  a  street  90  ft.  wide.  The  low  gutter  is  made 
0.5  ft.  deej^,  and  on  the  high  side  it  is  placed  at  the  top  of  the  curb, 
as  in  No.  2.  By  making  the  quarter  crown  0.24  ft.  above  the  high 
gutter,  a  section  is  obtained  with  a  slope  even  less  than  the  author's, 
and  with  no  double  curb. 

In  Section  No.  8  the  worst  conditions  are  encountered.  The  two 
gutters  are  made  0.36  ft.  and  0.83  ft.,  respectively,  and  the  quarter 
crown  0.16  ft.  This  gives  as  a  section  the  upper  dotted  line,  which 
is  rather  bad,  but  the  speaker  thinks  that  even  here  he  would  adopt 
it  in  preference  to  the  double  curb  and  the  section  shown  by  the 
author,  having  a  slope  of  0.37  ft.  from  the  gutter  to  the  center,  and 
thus  throwing  the  entire  surface  water  to  the  low  side  of  the  street. 

If,  however,  it  is  thought  that  the  slope  is  too  great,  the  speaker 
would  reduce  it  by  placing  the  step  near  the  building,  rather  than 
at  the  curb  line.  The  exact  distance  from  the  property  line  must  be 
determined  by  the  conditions.  If,  as  is  generally  the  case,  a  certain 
space  is  allowed  to  property  owners  for  a  disjilay  of  goods,  or  for 
area- ways  or  courtyards,  this  step  might  be  located  at  the  edge  of 
this  space,  with  no  inconvenience  to  any  one.  In  this  event  the  side- 
walk would  be  laid  on  the  same  slope  as  before,  but  0.5  ft.  lower,  and 
the  cross-section  of  the  street  would  be  as  shown  by  the  lower  dotted 
line,  which  the  speaker  thinks  is  much  to  be  preferred  to  that  used  by 
the  author. 

If  the  latter  plan  were  adopted,  the  uijper  sidewalk  would  ex- 
tend some  3  or  4  ft.  beyond  the  property  line  at  the  cross  streets, 
and  then  return  up  the  side  street,  running  the  grade  out  in  a  short 
distance  and  thus  doing  away  entirely  with  the  two  steps  at  the 
curb.  Should  the  gutters  shown  by  the  author  be  retained,  the  actual 
street  would  be  improved  by  adopting  the  section  shown  by  the  lower 
dotted  line. 

If  the  above  new  sections  should  be  used  on  a  street  where  existing 
conditions  were  as  described  in  the  paper,  no  double  curb  would  be 
required,  and,  for  practical  purposes,  the  cross-sections  would  be  as 
good  as  those  shown  by  the  author. 
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Mr.  Tiilson.  These  results  have  been  obtained  by  varying  from  the  author's 
procedure  in  two  ways:  First,  by  making  the  crown  on  the  quarter  in 
"every  case  where  the  difference  in  elevation  of  the  curbs  requires  it ; 
second,  by  not  attemjjting  to  make  the  slope  on  both  sides  of  the 
center  uniform. 

The  speaker  has  used  the  first  method  for  several  years  with 
uniformly  good  results,  and  is  fully  satisfied  that,  under  the  condi- 
tions considered  in  the  paj^er,  it  is  the  proper  course  to  adopt. 

"While  the  author  has  not  always  attained  the  results  mentioned  in 
the  second  reason,  he  has  done  so  in  Sections  Nos.  5  and  9,  and,  ap- 
parently, has  sought  to  in  others,  thus  necessitating  the  use  of  the 
double  curb,  or  a  needlessly  high  stej). 
Mr.Hankinson.  A.  W.  HANKrNSO>f,  Jun.  Am.  Soc.  C.  E. — In  determining  crowns  for 
asphalt  jsavements  in  New  York  City,  that  is,  in  the  Borough  of  Man- 
hattan, a  standard  section  is  assumed  of  M-in.  gutters,  with  a  crown 
of  xir^)  ai^tl  a  quarter  height  of  -tbt?  of  the  width  of  the  roadway,  thus 
making  the  proportion  of  crown  to  quarter  as  8  : 5.  "When  the  curbs 
are  not  level,  the  gutter  on  the  high  side  is  deepened  to  a  maximum 
of  9  ins.,  and  if  the  gutters  are  still  of  unequal  elevation,  one-half 
of  the  difference  of  elevation  is  subtracted  from  the  standard  crown, 
in  effect  securing  the  standard  fall  of  2%  from  the  crown  to  the  gutter 
on  the  low  side.  It  will  be  seen  that  in  a  30-ft.  roadway,  with  a  differ- 
ence of  curb  level  of  11^  ins.,  the  result  of  following  this  jslan  will  be 
a  street  with  no  crown  at  all,  the  pavement  being  on  a  straight  grade 
from  gutter  to  gutter.  It  seldom  occurs  that  a  greater  difference  in 
curb  elevation  is  necessary  on  30-ft.  streets,  as  in  most  cases  one  of  the 
curbs  can  be  raised  or  the  other  lowered  without  doing  very  much 
damage  to  the  adjoining  i^roperty.  The  wider  the  roadway,  the  greater 
the  difference  in  curb  level  that  can  be  allowed;  as  in  60-ft.  streets, 
the  crown  being  7^  ins.,  a  dilference  of  18  ins.  can  readily  be  ad- 
justed. 

The  author,  having  the  opijortunity  of  adjusting  not  only  the 
roadway,  but  also  the  sidewalk,  it  would  seem  that  even  his  maximum 
difference  of  level  of  1.65  ft.  in  66  ft.  could  have  been  accommodated 
without  the  use  of  the  stepped  curb,  by  lowering  the  sidewalk  on  the 
high  side.  A  step  at  the  entrance  of  each  store  would  be  less  objection- 
able than  a  continuous  one  at  the  curb  for  the  length  of  the  block. 

Koadways  of  a  greater  width  than  30  ft.  have,  in  New  York,  usually 
a  street  railroad  occupying  15  ft.  of  the  street.  "When  such  railroad 
has  no  underground  conduit  to  be  used  as  a  drain,  the  rails  are  placed 
on  the  contour  of  the  pavement  arch,  as  in  a  level  60-ft.  section,  the 
center  rails  would  be  h  in.  below  the  crown  and  the  outside  rails 
dropped  -|  in.  from  the  center  rails.  As  the  pavement  between  the 
rails  is  crowned  up  1  in.,  this  |-in.  drop  ami^ly  provides  for  drainage. 
In  the  case  of  an   underground  trolley  with  slotted  conduit,  the  slot 
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rails  are  placed  on  the  contour  of  the  pavement  crown  and  the  tram  Mr.Hankinson. 
rails  made  level  if  possible.  Should,  however,  the  diflerence  of  curb 
elevation  be  very  great,  the  track  is  "  terraced,"  that  is,  one  track,  that 
on  the  low  side  of  the  street,  is  dropped  from  1  to  3  ins.  from  the  other. 
By  terracing  the  tracks  and  raising  and  dropping  the  outside  rails  |  in. 
on  the  high  and  low  sides  of  the  street,  respectively,  a  difference  of  19 
ins.  in  curb  level  on  a  60-ft.  street  has  been  adjusted  without  draining 
to  one  gutter. 

The  crowns  used  by  the  author  give  a  much  steeper  cross-grade 
than  could  be  safely  used  in  New  York  City.  His  quarter  height  being 
quite  high  in  proportion  to  the  crown,  a  very  sharp  incline  from  quar- 
ter to  gutter  results.  It  may  be  that  Wabash,  Ind. ,  is  not  subject  to  the 
fogs,  mists  and  drizzling  rains  which  make  the  New  York  pavements  so 
slippery  at  times,  and  that  a  cross-grade  of  3%,  entirely  unsuited  to 
the  climatic  conditions  obtaining  in  New  York,  would  be  eminently 
Ijroijer  in  an  inland  city. 

J.  M.  Evans,  Jun.  Am.  Soc.  C.  E. — Judging  from  the  speaker's  ex-  Mr.  Evans, 
perience  in  street  work  in  New  York  City,  the  double  curb  would  find 
little  or  no  jjlace  of  usefulness  there;  the  objections  already  mentioned 
in  the  discussion  being  sufficient  to  exclude  it.  One  objection,  how- 
ever, which  has  not  been  mentioned  and  yet  is  of  grave  im^Dortance,  is 
the  impossibility  of  keeping  such  a  step  in  a  sanitary  condition,  as  it 
would  afi'ord  a  convenient  rejjository  for  filth.  In  New  York  City  it  is 
the  custom  to  place  hydrants,  lampposts,  fire-alai-m  posts,  etc.,  very 
near  the  curb.  In  the  double- curb  arrangement  these  would  natur- 
ally be  set  in  the  tread  of  the  step,  and  the  sjjace  around  them  would 
soon  become  filthy  and  unsightly.  It  would  be  more  difficult  to  keep 
the  step  clean  than  the  gutter,  as  no  large  flow  would  ever  reach  the 
step  to  cleanse  it,  while  flushing  and  rains  would  thoroughly  cleanse 
the  gutter. 

The  methods  outlined  by  Mr.  Tillson  are  much  more  advantageous 
than  those  described  by  the  author,  and  this  is  particularly  true  of 
the  method  of  making  the  step  at  the  stoop  or  area  line.  It  is  a 
common  sight  to  see  a  house  of  the  low-basement  style  where  there 
are  four  or  five  steps  leading  to  the  basement  floor,  and  from  eight  to 
twelve  leading  wp  to  the  first  floor.  When  these  houses  are  located  on 
the  higher  side  of  the  street,  the  speaker  can  see  no  reason  why  the 
sidewalk  could  not  be  depressed  from  5  to  8  ins.,  thereby  doing  away 
with  one  or  two  of  the  steps  down  to  the  basement  floor  and  adding  them 
to  the  steps  to  the  first  floor.  This  increase  in  the  niimber  of  steps  to 
the  first  floor  might  be  considered  an  objection,  but  hardly  a  serious 
one,  as  in  the  same  block  the  number  of  steps  often  varies  from  three  or 
four  to  a  dozen.  It  would  seem  that  it  could,  therefore,  be  easily  ad- 
justed. In  business  blocks,  where  there  is  a  longitudinal  grade,  it  is 
the  custom  to  provide  a  series  of  stejas  in  the  coping  of  the  area  wall 
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Mr.  Evans,  whicli  vary  from  nothing  at  the  upper  end  to  6  or  even  8  ins.  at  the 
lower  end.  It  seems  that  there  ought  to  be  no  serious  objection  to 
using  practically  the  same  method  on  transverse  grades,  provided  the 
whole  street  can  be  improved  thereby,  and  it  is  manifest  that  many 
streets  could  be  improved  in  this  manner. 

Numerous  petitions  for  improved  jiavements  are  made  by  resi- 
dents, yet,  so  far  as  the  speaker  knows,  very  few  of  the  petitioners 
are  willing  to  submit  to  even  the  slightest  inconvenience  for  the 
sake  of  improvement,  much  less  would  they  be  likely  to  submit 
to  any  lowering  of  the  sidewalk,  or  anything  that  would  touch  their 
pocket-books.  The  speaker  knows  of  instances  where  it  was  even 
impossible  without  process  of  law  to  get  owners  to  make  the  slight 
repairs  to  their  sidewalk  made  necessary  by  setting  a  new  curb. 
It  would  seem,  therefore,  that  some  form  of  legislation  would  be 
necessary  in  order  to  jjrovide  for  these  adjustments,  in  repaving  a 
street. 

The  speaker  recalls  an  instance  where  a  catch-basin  was  left 
stranded  on  the  summit  of  a  pyramid  by  changing  the  cross-section  of 
the  street  at  that  intersection.  This  was  caused  by  a  difference  of 
some  2  or  3  ft.  in  the  curb  levels.  The  cross-section  of  the  new  pave- 
ment was  the  already  mentioned  "straight  line  with  1-in.  crown." 
What  the  old  cross-section  was,  the  speaker  does  not  know,  but  he  re- 
members that  from  10  to  20  ins.  of  material  was  removed  from  the  old 
crown,  in  reconstruction.  This  left  the  catch-basin  in  its  exalted  jjosi- 
tion  which  was  determined  by  the  unchangeable  law  of  the  sidewalks. 
Had  the  authorities  been  able  to  carry  the  improvement  to  the  prop- 
erty line,  a  step  at  the  area  line  would  have  solved  the  diificulty,  im- 
jaroved  the  street,  and  kept  the  drainage  fi-om  flooding  diagonally 
across  the  street,  deluging  the  cross-walks  and  overflowing  the  shallow 
gutters  on  the  lower  side  of  the  street. 

An  interesting  question  is  presented  by  the  method  of  taking  care 
of  street  drainage  mentioned  by  Mr.  Owen,  in  cases  where  under- 
troUeys  are  ojierated,  for  the  reason  that  much,  if  not  all,  of  the  water 
would  flow  into  the  slot  and,  doubtless,  cause  much  trouble  and  annoy- 
ance in  operation.  As  to  whether  a  city  can  so  construct  its  streets  as 
to  make  a  storm  sewer  out  of  an  under-trolley  conduit  is  jjrobably  a 
question  for  the  courts.  Granted  that  it  has  such  a  right,  it  seems 
hardly  fair  to  citizens  and  patrons  of  the  road,  to  say  nothing  of  the 
company,  that  they  should  be  subjected  to  the  inconvenience  and 
irritation  of  blockades  incident  to  "short  circuits,"  "burn-outs," 
etc.,  caused  by  improjier  city  drainage.  In  New  York  City,  where 
one,  from  necessity  rather  than  choice,  must  live  far  from  business, 
and  dejiend  upon  street  railways  for  transijortation,  the  latter  should 
be  considered  as  a  necessary  adjunct  to  business  rather  than  a  neces- 
sary evil. 
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Philip  W.  Henky,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Although  Mr.  Henry, 
the  engineering  problem  to  which  this  paper  calls  attention  i.'^  not  a 
difficult  one,  yet  it  is  one  which  is  met  continually  by  city  engineers 
and  is  seldom  solved  satisfactorily.  This,  however,  is  not  due  to  its 
intricacies,  from  an  engineering  standpoint,  but  because  the  solution  is 
complicated  by  politics  and  the  influence  of  property  holders.  It  is  an 
exceedingly  difficult  task  for  an  engineer  to  improve  a  street,  where  the 
conditions  are  similar  to  those  mentioned  in  the  paper,  without  arousing 
the  determined  opposition  of  those  most  nearly  interested.  For  the 
sake  of  saving  a  few  dollars  the  average  property  holder  is  willing  to 
allow  any  kind  of  a  grade  to  be  established;  and  he  objects  most  strenu- 
ously to  any  plan  which  will  cause  him  to  raise  or  lower  his  sidewalks 
or  alter  in  any  way  his  buildings,  no  matter  how  old  or  dilapidated 
they  may  be,  or  no  matter  how  much  the  improvement  may  benefit 
his  ijroperty  eventually.  It  follows,  therefore,  that  a  city  engineer 
is  seldom  able  to  carry  out  his  own  convictions  in  establishing  a  street 
grade,  unless  he  is  willing  to  make  a  determined  fight,  or  use  all  the 
persuasive  powers  at  his  command.  In  Wabash,  it  appears  that  either 
the  engineer's  j)ersuasive  powers  are  highly  developed,  or  else  the 
pi'operty  holders  there  are  unusually  enlightened,  for  the  owners  of 
the  buildings  aifected,  in  several  cases,  waived  all  claims  for  damages 
occasioned  by  the  change  of  grade. 

It  also  api^ears  that  the  author  did  not  attempt  too  much  in  improv- 
ing the  grade  of  the  street.  The  change  from  the  old  condition  was 
radical,  but  at  the  same  time  it  was  no  greater  than  the  circumstances 
warranted.  The  ditterence  in  level  between  the  two  sidewalks  was 
met  in  a  somewhat  novel  manner,  by  jiutting  in  a  step  on  the  upper 
side  of  the  street.  It  is  seldom  that  this  construction  is  used,  and  it 
could  doubtless  be  introduced  in  other  cities  to  advantage.  Its  chief 
disadvantage  is  that  it  lessens  the  width  of  the  roadway,  and  on  a 
narrow  street  this  would,  of  course,  be  objectionable.  The  ample 
width  of  the  "Wabash  roadways  allowed  this  construction,  -with  ex- 
cellent results.  The  illustrations  on  Plate  I  show  what  a  decided 
change  was  made  in  the  appearance  of  the  street  by  the  improvements 
described  in  the  pa^Dcr.  To  one  who  saw  the  street  before  and  after 
the  imjirovemeut,  the  change  is  even  more  marked  than  that  shown  in 
the  photographs. 

To  return  to  the  details  brought  out  in  the  paper  :  It  does  not  ap- 
pear w^hy  the  crown  was  placed  in  the  quarter  in  Sections  1  and  2,  and 
not  in  Sections  7  and  8.  It  is  generally  objectionable  to  have  all  the 
water  drain  to  one  side  of  the  street,  as  shown  in  the  two  latter  sec- 
tions. It  would  also  seem  that  in  these  two  sections  each  step  could 
have  been  made  0.85  ft.,  the  greatest  limit,  and  thus  have  reduced  con- 
siderably the  slant  of  the  street  from  one  gutter  to  the  other. 

Although  the  property  holder  has  undoubtedly  been  put  to  con- 
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Mr.  Henry,  siderable  expense  by  the  radical  change  in  sidewalk  grade,  yet  it  is  ob- 
vious that  any  less  radical  treatment  would  have  given  a  patch- work 
effect  to  the  street,  which  would  have  been  a  continual  source  of  an- 
noyance. There  are  too  many  streets  in  prominent  cities  which  are 
anything  but  creditable  to  the  engineers  who  have  established  the 
grades.  This  is  generally  due  to  poor  engineering  talent  (if  any  engi- 
neer was  employed  at  all),  in  laying  oiit  the  street  at  the  start,  for  many 
streets  were  originally  country  roads  which  no  one  foresaw  would  one 
day  reqiTire  paving.  By  the  time  the  street  had  arrived  at  the  dignity 
of  a  pavement,  buildings  had  been  erected  at  different  grades  on  each 
side,  so  that  the  engineer  who  had  the  improvement  in  charge  was  at 
his  wits'  end  to  know  the  best  way  to  deal  with  the  problem.  In  solv- 
ing this  i^robletn  no  general  rule  can  be  laid  down,  but  each  case  inust 
be  treated  by  itself,  taking  into  account  the  many  different  questions 
which  are  involved.  Among  these  questions  are  width  of  street,  value 
of  real  estate  and  improvements  affected,  amount  and  kind  of  traffic, 
probable  increase  in  real  estate  values  and  probable  increase  in  traffic. 
These  questions  are  lieing  met  every  day  by  municipal  engineers  all 
over  the  country,  and  are  being  solved  in  a  better  and  more  satisfactory 
manner  than  ever  before  There  is  no  doubt  that  the  city  engineer  of 
to-day  is  the  superior  of  his  predecessor  of  twenty  years  ago,  and  brings 
greater  talent  and  broader  knowledge  to  bear  on  the  questions  which 
are  continually  before  him.  It  is  to  be  hoped  that  the  paper  will  bring 
out  discussions  from  engineers  who,  from  practical  experience,  are  able 
to  give  much  interesting  and  profitable  information  to  the  jjrofession. 
Mr.  Harley.  A.  F.  Haeley,  M.  Am.  Soc.  C.  E.  (by  letter). — The  problem  of 
street  grades  and  cross-sections  is,  perhaps,  one  of  the  first  that  con- 
fronts a  city  engineer,  and  is  one  in  which,  between  his  own  judg- 
ment and  the  wishes  of  the  various  property  owners,  he  is  likely  to 
find  trouble. 

In  considering  the  subject,  great  difference  should  be  made  in  the 
treatment  of  business  and  residence  streets.  Good  renting  property 
on  business  streets  shoiild  be  provided  with  such  sidewalk  grades  in 
front  of  the  various  stores  as  to  cause  the  pedestrian  to  literally  roll 
into  the  store  he  may  be  passing.  No  such  thing  as  a  step  should 
ever  be  provided  near  the  building  line,  but  if  the  grade  of  the  side- 
walk is  not  flush  with  the  floor  level,  the  entrance  to  the  store  should 
be  "  bayed,"  and  a  cast-iron  foot-plate,  connecting  the  two  elevations, 
should  be  set  in.  On  business  streets  it  would  not  be  objectionable, 
if  it  were  found  absolutely  necessary,  to  maintain  a  sidewalk  grade 
even  18  ins.  above  the  gutter.  We  know  that  when  this  is  the  case, 
the  street,  or  rather  the  original  surface  of  the  ground,  has  invariably 
a  hill-side  cross-section,  and  at  each  end  of  the  block  the  grade  at  in- 
tersecting streets  would  make  a  tread  from  the  sidewalk  to  the  gutter 
of  not  over  6  or  8  ins. 
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It  is  the  writer's  observation  that  store-keepers  jarefer  this  high  Mr.  Harley. 
curb,  as  it  requires  pedestrians,  ladies  especially,  to  promenade  the 
full  length  of  the  block  and  pass  other  stores,  while  intending  to 
visit  only  one  in  the  row.     Then,  again,  the  facility  for  unloading, 
already  mentioned  by  Mr.  Owen,  is  a  point  well  made. 

A  municipal  engineer  should  always  remember  that  the  great  ma- 
jority of  the  citizens  walking  over  a  street  surface  do  not  carry  in  their 
heads  an  engineer's  eye,  and,  so  long  as  the  water  does  not  remain 
on  the  surface,  they  could  not  tell  which  way  it  flowed  after  the 
rain  had  ceased,  and  especially  could  they  not  detect  a  hill-side  cross- 
section,  i.  e.,  one  in  which  the  siimmit  has  been  shifted  from  the  center 
toward  the  higher  side,  nor  a  warped  surface  that  runs  out  in  100  to 
200  ft.,  spoken  of  by  Mr.  North.  Differences  of  elevation  on  the  sur- 
face of  the  street  paving  proper,  as  a  rule,  are  not  detected,  even  when 
the  water  in  the  gutters  on  each  side  of  the  street  runs  in  opposite 
directions  for  a  short  distance,  as  might  be  the  case  at  the  intersection 
of  streets  that  had  grades  of  say,  4  ins.  and  4  ft.,  respectively. 

The  writer  holds,  with  Mr.  Tillson,  that  a  street  should  always 
have  some  crown,  to  allow  of  slight  wear  to  the  surface,  which  is 
always  most  in  the  center,  provided  there  is  no  electric  railroad  on 
the  street.  But  on  the  other  hand,  on  narrow  business  streets,  say, 
30  ft.  in  width,  occupied  for  more  than  half  their  width  in  the  center 
by  two  electric  street  railroad  tracks,  in  the  writer's  opinion,  it  is  an 
open  question  whether  it  woiild  not  be  desirable  to  throw  all  the  water 
to  the  center,  provided  it  could  be  collected  and  carried  off,  as  it  would 
be  the  only  moving  thing  that  would  not  meet  its  death  by  being  run 
over  in  crossing  the  track;  while  the  surface  of  the  street  close  to  the 
curb  line  would  be  more  available  for  vehicular  travel;  in  fact,  this 
gutter  space  would  be  gained.  In  a  street  railroad,  especially  one  in 
which  the  use  of  the  ordinary  T-rail  is  permitted,  the  j)aving  between 
the  rails  is  given  a  crown  of,  say,  1  in.;  thus  little  streamlets  are 
formed  and  are  compelled  to  run  the  entire  length  of  the  longitudinal 
grade  on  the  street,  which  is  bad  for  both  the  railroad  and  the  pave- 
ment, as  it  is  almost  impossible  to  make  water-tight  joints  between 
the  rails  and  the  adjoining  pavement.  By  the  adoption  of  a  central 
gutter  the  necessity  for  making  these  joints  absolutely  water-proof  is 
avoided.  Were  it  not  for  the  appearance  the  Avriter  would  like  to  see 
the  paving  between  the  rails  concaved,  instead  of  convexed,  and  cast- 
iron  gratings  having  the  same  concavity  placed  over  catch-basins 
built  in  the  center  of  the  track  at  the  required  intervals. 

The  writer  does  not  think  it  would  be  very  much  to  ask  of  street 
railroads  using  the  underground  electric  system,  to  make  provision  ia 
their  conduits  to  carry  off  the  surface  water  that  might  be  led  into 
them  in  this  manner. 

Another  point  is,  that  while  a  very  large  majority  of  people,  in 
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Mr.  Harley.  walking  or  driving  over  a  street,  do  not  notice  the  grades  on  a  con- 
tinuous asphalt  surface,  as  already  stated,  they  readily  detect  the 
difference  in  the  height  of  the  curbs  on  the  street  over  which  they  are 
driving;  even  siich  a  small  difference  as  4  is  to  6  ins.  It  would, 
therefore,  be  advisable  on  all  residence  streets  to  make  the  height  of  the 
exposed  curbing  the  same  on  both  sides  of  the  street,  even  though  the 
surface  of  the  pavement  may  have  a  "  hill-side  cross-section  "  or  be  a 
"warped  surface." 
Mr.  Andi-ews.  HoEAOE  ANDREWS,  M,  Am.  Soc.  C.  E.  (by  letter). —This  Carefully 
prepared  paper  is  of  interest,  and  the  double  curb  is  an  innovation 
that  may  be  found  useful  where  other  means  fail.  It  is  much  to  be 
regretted  that  nothing  is  said  either  in  the  paper  or  in  the  discussion 
as  to  the  cost  of  the  improvement.  This  is  certainly  a  factor  of  too 
much  importance  to  be  disregarded  by  a  municipal  engineer.  Con- 
crete curb  with  gutter  attached,  similar  to  that  described  in  the 
paper,  has  been  laid,  under  the  writer's  specifications,  for  90  cents  per 
lineal  foot.  It  will  be  of  interest  to  know  whether  the  double  curb 
cost  twice  the  above  amount. 

The  writer  agrees  with  Messrs.  Tillson  and  Hankinson  that  the 
second  step  would  better  have  been  omitted  at  the  curb  and  placed 
near  the  fronts  of  the  buildings. 

Two  ste^Ds  might  even  have  l)een  used  in  such  a  location.  The  street 
once  improved  is  apt  to  retain  its  cross-section  for  many  years,  while 
it  would  appear  from  the  photographic  views  that  many  of  the  build- 
ings wdll  be  replaced  before  very  long  and  then  the  suggested  steps  in 
front  of  them  could  be  done  away  with. 

The  relative  widths  of  sidewalks  and  carriageway  are  closely  con- 
nected with  the  question  of  economical  improvement.  It  would  seem 
that  the  90-ft.  streets  would  have  looked  better,  would  have  amply  ac- 
commodated all  traffic  and  would  have  been  more  economically  im- 
proved with  20-ft.  sidewalks  and  a  50-ft.  carriage-way,  while  the  6G-ft. 
streets,  with  30-ft.  carriage-ways,  would  certainly  accommodate  all 
vehicle  traffic  in  a  jjlace  the  size  of  Wabash.  It  would  be  much  cheaper 
to  construct  sidewalks  than  equal  areas  of  asphalt  pavement. 

The  writer  agrees  with  Mr.  North  as  to  the  superiority  of  stone  over 
concrete  for  curbs.  The  concrete  gutter  is  peculiarly  objectionable  on 
account  of  the  running  joint  at  its  outer  edge;  this  is  quite  apt  to  wear 
into  a  rut,  a  trouble  exjierieuced  with  all  such  joints  where  the  wheel 
traffic  is  considerable. 

It  is  not  ajjparent  that  an  extra  i^itch,  transversely,  was  needed  for 
the  gutter.  The  general  contour  of  the  street  might  have  been  main- 
tained, as  usual,  to  the  vertical  face  of  the  curb. 

It  seems  to  the  writer  that  the  author  and  Mr.  Tillson  are  correct 
in  their  objections  to  an  absolutely  plane  surface  for  the  pavement, 
although  they  differ  from  Mr.    North  in  this  respect;  but  quite  as 
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serious  an  evil  is  the  level  surface  resulting  from  the  use  of  a  circular-  Mr.  Andrews. 
arc  cross-section,  with  gutters  of  equal  elevation.     Eef  erring  to  Section 
No.  12,  it  is  seen  that  for  7  ft.  at  the  center  of  the  carriage-way  the  rise 
is  only  -g-  in.     It  is  practically  impossible  to  avoid  depressions  along 
the  center  of  the  street  where  so  slight  a  rise  is  attempted. 

As  to  the  amount  of  crown  to  be  given  a  street  with  gutters  of  equal 
elevation,  the  writer  prefers  -h-  rather  than  x^o  of  the  width  of  car- 
riage-way as  giving  sufficiently  flat  transverse  slopes  and  as  avoiding  de- 
pressions, while  the  water  is  more  rapidly  brought  to  the  gutters.  The 
ratio  -7-2  is  practically  that  used  by  the  author,  the  radius  of  his  circular 
segment  then  being  nine  times  its  chord.  The  variation  between  the 
circle  and  the  jjarabola  is  so  extremely  minute  that  the  cross-section 
may  be  termed  circular  with  perfect  propriety.     The  ordinate  of  the 

parabola  is   i/  ~   -^,    while    the    ordinate    of    the    circular    arc   is 

2/  =  j^  +  ^-^  +  j-r-_5  +  etc.      In    the   author's    example,    for    the 

maximum  ordinate,  .t  =  18.67,   ?•  =  9  x  width  =  336.06,    sufficiently 
near  (the  author  gives  ?•  =  33.5.30).     For  the  parabola  >/  will  be  0.5186, 

while  the  second  term,  r-—j»  increases   this  only  by  0.0004,   the  third 

term  being  too  small  to  be  considered. 

The  writer,  a  number  of  years  ago,  abandoned  the  circular-arc  form 
of  cross-section  and  has  adopted,  for  some  20  miles  of  pavement  on 
concrete  foundation,  a  form  intermediate  between  the  circular  arc  and 
straight  lines  forming  chords  of  half  the  arc. 

According  to  Thomas  Codrington,  in  his  article  on  roads,*  this  form 
is  used  in  London,  and  Mr.  Hankinson's  proportion  of  8  to  .5,  as  that 
which  the  crown  bears  to  the  ordinate  at  the  quarter,  also  agrees  with 
this  cross-section.  A  useful  comparison  between  this  form  and  the 
circular  arc  can  be  made  by  considering  the  rates  per  ceot.  of  the 
slopes  at  different  parts  01  the  transverse  section.  If  R  represents  the 
ratio  of  width  to  crown,  72  :  100,  etc.,  and  the  carriage-way  is  trans- 
versely divided  into  eighths;  then  the  rates  per  cent,  in  the  four  divis- 
ions lying  between  the  center  and  the  gutter,  starting  at  the  center, 

^     ,^       .       ,  50     150      250      ■_    350  ^    „       ^,       . 

are:  For  the  circular  arc,  -p-,  — p-,  —7^  and  — p- ,    and   tor    the    im- 

..        -,     125      175      225         ,275  .-     1       ^i 

proved  lorm  mentioned,  — ^5— ,  — ^5—,  — 75-  and  — =5—,  respectively,    ror 
K  K  J\  K 

example,  with  R  =  72,  the  slopes  of  the  circular  arc  are  0.695%,  2.08%, 

3.47%  and  4.86%,  while  the  preferred  cross-sectiou  has  slopes  of  1.74%, 

2.43%,  3.13%  and  3.82%,  being  less  flat  in  the  center  and  flatter  at  the 

gutters  than  the  circular  arc.     By  thus  considering  the  i-ates  per  cent. 

of  different  portions  of  the  cross-section,  it  is  easy  to  perceive  the  effect 

*Encycl.  Britannica. 
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Mr.  Andrews,  of  unequal  heights  of  gutters  if  the  sloise  of  the  line   between  them  is 
exi^ressed  in  the  rate  per  cent. 

It  would  be  interesting  to  know  from  the  author  how  nearly  he 
succeeded,  practically,  in  securing  the  cross-sections  called  for  in 
his  theoretical  investigations.  The  writer  has  found  it  quite  im- 
possible in  dense,  wet  clay  to  form  the  siibgrade  to  exact  shape. 
A  10-ton  roller  will  make  waves  and  depressions  both  longitudinal 
and  transverse,  yet  the  concrete  and  pavement  will  stand  well  when 
the  work  is  complete.  In  the  writer's  practice  the  curbs  are  first 
placed,  and,  by  means  of  a  cord  stretched  between  them  and  meas- 
ured offsets,  the  subgrade  is  approximately  formed  and  is  then  rolled. 
The  cord  is  again  used  and  iron  rods  are  driven  at  the  eighths  of 
transverse  width;  the  top  of  the  concrete  is  marked  on  these  with 
chalk  and  the  subgrade  is  then  shaved  off,  generally,  or  filled  up, 
rarely,  until  it  is  exactly  the  proper  distance  below  the  chalk  marks. 
Concrete  is  then  spread  and,  afterward,  the  iron  rods  are  pulled  up. 
For  a  brick  pavement  fine  sand  is  spread  on  the  concrete,  and  it  is 
then  struck  by  means  of  a  tem^jlate  resting  on  rollers  running  on  the 
curbs.  This  template  is  formed  with  considerable  exactness  and  can 
be  used  on  widths  of  carriage-way  up  to  36  ft.  For  greater  widths  a 
template  of  half  the  width  of  the  carriage-way  is  used,  running  on 
one  curb  and  on  a  timber  laid  temporarily  in  the  center  of  the 
street.  These  templates  have  two  rollers  at  each  end;  the  faces  of 
the  rollers  are  slightly  wider  than  the  curb  thickness.  They  are 
swivelled  so  that  one  end  of  the  template  can  be  drawn  in  advance 
of  the  other,  thus  accommodating  a  varying  width  of  carriage-way 
of  as  much  as  6  ins.  The  sand  cushion  is  formed  with  great  nicety 
by  this  means;  it  is  then  dampened,  the  bricks  are  laid  and  after- 
ward rolled  with  a  5-ton  roller.  The  jsavement  is  then  carefully 
inspected  and  imperfect  bricks  are  replaced.  The  sand  cushion  is 
hard  and  comj^act,  and  the  contact  with  the  bricks  is  perfect.  The 
joints  are  then  grouted  with  Portland  cement  and  sand  in  equal  jjarts. 
The  writer  has  laid  18  miles  of  brick  pavement  in  this  manner  and 
has  observed  no  rumbling  or  distortion  such  as  has  been  the  cause 
of  complaint  in  some  cities.  The  bricks  used  have  been  red  shale  in 
all  cases. 

Mr.  Owen's  suggestion  of  a  depression  in  the  center  of  the  street 
is  worthy  of  serious  consideration.  The  writer  has  often  been  im- 
pressed with  the  desirability  of  such  a  form  of  cross-section  when  for 
several  months  the  gutters  are  filled  with  snow  and  ice,  and  in  times  of 
thaw  all  drainage  is  necessarily  in  the  center  of  the  street.  Except 
in  the  case  of  alleys  where  there  are  no  sidewalks  the  writer  has,  how- 
ever, never  used  a  cross-section  throwing  the  water  toward  the  center 
of  the  carriage-way. 

A  low  retaining  wall  l.\  to  21  ft.  high  has  been  used  with  advantage 
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in  place  of  a  curbstone  on  the  high  side  of  a  carriage-way.     In  Troy,  Mr.  Andrews. 
N.  Y.,  there  exists  such  a  -wall  nearly  6  ft.  in  height. 

In  the  improvement  of  the  streets  of  the  older  and  of  the  hilly 
cities  the  municipal  engineer  is  often  in  despair  at  the  difficulties 
arising  from  the  original  and  grossly  improper  formation  of  the  street. 
The  author  is  to  be  congratulated  on  the  comparatively  easy  nature 
of  the  problem  and  on  the  readiness  of  the  inhabitants,  as  commend- 
able as  unusual,  to  co-operate  with  him  in  the  carrying  out  of  his 
plans. 

EoBEKT  P.  Woods,  Jun.  Am.   Soc.    C.  E.   (by  letter). — It  appears  Mr.  Woods 
probable  that  methods  of   street  construction  may  vary  in  different 
parts  of  the  country  and  still  be  suited  to  their  respective  localities 
and  attending  circumstances. 

The  method  of  shai^ing  unbalanced  cross-sections  recommended  by 
Mr.  Tillson  was  used  by  the  author  on  Miami  Street  (Sections  1  and 
2),  and  would  have  been  used  throughout  the  improvement,  but  that 
its  continued  application  would  have  produced  results  apparently 
more  unsatisfactory  than  the  double  curb. 

The  five  sections  as  rearranged  by  Mr.  Tillson  are  not  as  practical 
as  might  appear  from  a  casual  inspection  of  them  singly.  In  his  Sec- 
tion No.  2  the  east  gutter  on  Miami  Street  is  raised  10  ins.,  leaving 
but  2  ins.  fall  in  a  block  of  280  ft.     This,  obviously,  would  not  answer. 

By  raising  the  west  gutter  on  Wabash  Street  1  ft.,  as  shown  in  his 
Section  No.  5,  the  grade  of  the  gutter  at  the  alley  north  of  Canal  Street 
would  be  1  in.  above  the  sidewalk. 

In  his  Section  No.  7  the  sloj^e  of  the  south  walk  on  Market  Street 
is  lessened  to  0.20  ft.,  which  is  sufficient  for  that  walk;  but  the  longi- 
tudinal grade  of  the  west  walk  on  Wabash  Street  is  not  as  great  as  the 
Market  Street  walk,  and  he  thereby  reduces  the  cross-slope  of  the 
Wabash  walk  to  0.08  ft.  or  ts  in.  per  foot,  which  is  not  enough. 

The  predominating  slopes  used  by  Mr.  Tillson  in  the  roadway 
revisions  appear  to  be  far  too  slight  for  the  existing  conditions  in 
Wabash,  and  from  this  standpoint  the  author  believes  they  are  not 
acceptable. 

The  author's  Sections  Nos.  7  and  8  show  the  slojje  of  the  roadway 
to  be  from  one  gutter  to  the  other,  but  in  connection  therewith  it 
should  be  noted  that  either  of  these  sections  is  on  a  warped  or  boned-in 
section,  and  was  exhibited  merely  to  show  a  partial  detail  of  the  manner 
in  which  the  Market  Street  grade  was  merged  into  the  hill-side  grade 
of  Wabash  Street.  At  no  place  in  the  improvement  does  water 
drain  transversely  of  the  roadway  from  one  gutter  to  the  opposite; 
the  longitudinal  grade  of  the  north  gutters  on  Market  Street,  at  the 
warped  sections  cited,  each  being  3%,  the  water  is  carried  to  them. 

It  has  been  suggested  that  the  extra  step  should  have  been  placed 
at  the  building  line,  or  at  the  area  line.     To  illustrate  the  local  feeling 
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Mr.  Woods,  concerning  sucli  location,  it  may  be  stated  that  the  original  grade  on 
the  north  walk  of  Market  Street  from  Wabash  Street  westward  324  ft. 
was  flush  with  the  lower  curb;  but  before  this  particular  walk  was 
constructed  the  nine  abutting  i3roi3erty  owners  signed  a  petition  ask- 
ing the  Common  Council  to  raise  the  grade  by  means  of  the  doiible 
curb,  and  at  the  expense  of  the  abutters.  This  petition,  which  had 
been  presented  after  most  of  the  double-curb  work  had  been  con- 
structed, would  lead  one  to  presume,  that  from  a  local  standpoint  the 
curb  was  not  considered  "expensive,  unsightly  and  dangerous,"  as  in- 
dicated by  Mr.  Tills  on. 

The  total  extra  cost  of  the  improvement  to  the  abutting  property 
owners  adjacent  to  the  double  curb  was  but  10  cents  per  foot  more 
than  to  those  along  the  single  curb. 

Mr.  Evans  believes  the  double  curb  would  be  a  repository  for  filth, 
yet  during  the  nine  months  that  have  elapsed  since  the  construction 
it  has  not  been,  nor  should  it  become  so,  for  should  the  merchants  fail 
to  sweep  the  curb  when  they  sweep  the  walk,  the  drainage  from  the 
walks,  upon  the  smooth  cement  surface  of  the  curb,  which  has  a  cross- 
slope  of  i  in.  per  foot,  would  be  ample  to  keep  it  in  a  sanitary  con- 
dition. 

Mr.  Owen's  preference  for  a  single  high  step  at  the  curb,  when  it  is 
necessary,  is  well  founded,  where  there  is  to  be  much  transfer  of  heavy 
merchandise;  but  in  Wabash  the  freight  is  transferred  from  the  wagons 
to  the  buildings  in  the  16-ft.  alleys. 

It  was  the  peculiar  local  conditions  surrounding  the  district  im- 
proved that  caused  the  author  to  arrange  the  double  curb  as  used,  and 
the  results  are  decidedly  satisfactory. 
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WITH  DISCUSSION. 

During  the  past  few  years  several  papers  have  appeared  in  the 
Tr-ansactions  of  the  American  Society  of  Mechanical  Engineers,  and  in 
engineering  periodicals,  touching  the  ultimate  chemical  analysis  of 
coals,  especially  bituminous  and  semi-bituminous  coals,  and  upon  the 
determination  of  the  heating  power  of  coals  from  the  proximate  and 
ultimate  analyses  and  by  calorimetrie  methods;  and  an  attempt  has 
been  made  upon  more  than  one  occasion,  to  deduce  from  a  knowledge 
of  the  intrinsic  thermal  value  of  a  coal  the  relation  between  its  calorific 
power  and  the  practical  results  which  can  be  obtained  from  it  when 
burned  under  steam  boilers.  In  one  of  the  most  interesting  and  ex- 
haustive of  these  papers,  contributed  by  the  late  Charles  E.  Emery,  M. 
Am.  Soc.  C.  E.,  the  whole  field  of  experimental  information  on  the 
comparative  efficiencies  of  coals  is  briefly  and  clearly  reviewed.* 

The  papers  contributed  by  Professor  R.  C.  Carpenter,  of  Cornell 
University;  Mr.  George  H.  Barrus,  M.  E.,  of  Boston;  Professor  N.  W. 

*  "  Comparative  Tests  of  Steam  Boilers  with  Different  Kirids  of  Coal."  Transactions, 
American  Society  of  Mechanical  Engineers,  Vol.  xvii. 
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Lord,  of  the  Ohio  State  University,  and  others,  when  taken  together, 
sesm  to  indicate  a  more  profound  interest  in  the  comjiosition,  energy 
and  practical  possibilities  of  steam  coals,  than  has  been  disjalayed  in 
all  the  years  that  have  transpired  since  Professor  Walter  R.  Johnson 
made  his  celebrated  investigations  for  the  United  States  Navy,*  and  sug- 
gest that  any  experimental  data  upon  this  subject  should  be  welcome 
to  those  whose  interests  touch,  however  indirectly,  this  important 
factor  of  modern  civilization. 

During  the  summer  of  1897,  the  author  was  commissioned  by  the 
Honorable  Board  of  Administration,  of  Cincinnati,  to  investigate  and 
report  on  the  various  bituminous  steam  coals  available  in  the  local 
market,  with  a  view  to  obta,iniug  a  set  of  factors  by  means  of  which  the 
prices  asked  by  dealers  for  difierent  kinds  and  grades  of  coal  could  be 
reduced  to  a  uniform  liasis  for  the  comparison  of  bids.  The  j^ractical 
application  of  these  factors  can  best  be  illustrated  by  the  fact  that 
heretofore  it  has  generally  been  assumed,  upon  receiving  bids  on  coal 
for  the  City  Water  Department  or  any  other  municipal  service,  that  there 
was  no  large  difference  in  the  quality  of  the  various  coals  offered,  and 
that  the  lowest  bid  represented  the  most  economical  purchase.  Each 
mine  owner  or  agent  very  naturally  has  insisted  that  his  coal  was  equal 
or  superior  to  that  of  his  competitors,  from  which  the  average  city 
official  would  argue  that  if  one  coal  is  quite  as  good  as  another,  the 
lowest  bid  represented  the  greatest  economy  to  the  corporation.  By 
means  of  the  factors  mentioned,  the  price  bid  is  multipled,  and  a  new 
set  of  prices  obtained  for  purposes  of  comparison  only;  and  that  price, 
which  after  such  reduction  is  the  lowest,  represents  the  most  econo- 
mical coal  for  steam  purposes. 

The  experimental  work  embraced: 

Firs/. — A  practical  steam  test  of  each  kind  and  grade  of  coal  (of  which 
there  were  over  50),  under  uniform  conditions,  for  a  period  of  16  hours. 

Second. — A  proximate  chemical  analysis'of  each  kind  of  coal. 

Third.— A  calorimetric  determination  of  the  heating  power  of  each 
kind  of  coal. 

The  investigations,  Avith  some  interruptions,  occui)ied  the  interval 
from  July  27th,  1897,  to  April  28t:h,  1898,  the  evaporation  tests  being 
conducted  at  the  Hunt  Street  Pumping  Station  of  the  City  Water- 
Works,  and  the  laboratory  work  in  the  author's  office  in  the  Glenn 
*  Washington  Navy  Yard,  1842-43. 
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Building.  In  the  pliysical  tests,  from  18  000  to  25  000  lbs.  of  coal  were 
burned  during  a  continuous  trial  of  16  hrs.,  and  from  168  000  to  178  000 
lbs.  of  water  were  supplied  to  the  boilers. 

The  duration  of  the  physical  tests,  16  hrs.,  was  fixed  uijon  in  order 
to  embrace  two  full  watches  or  tricks  of  the  engineers,  firemen  and 
coal  wheelers  employed  at  the  station.  All  the  different  kinds  of  coals 
were  fired  under  the  same  boilers  by  the  same  firemen,  one  fireman 
firing  during  the  8-hour  morning  watch,  and  the  other  during  the 
8-hour  evening  watch,  the  relative  position  of  the  men  being  changed 
at  the  end  of  each  series  of  eight  tests. 

The  coals  were  burned  in  a  pair  of  Galloway  fire-box  boilers.  Fig.  1, 
built  by  the  Edge  Moor  Iron  Company,  of  Wilmington,  Del.  These 
boilers  had  been  in  service  at  the  station  for  ten  years  prior  to  their 
use  for  the  coal  tests,  but  were  in  excellent  order,  and  during  the 
period  of  these  tests  were  used  for  no  other  purpose. 

The  physical  tests  contemi^lated  the  same  amount  of  work  per 
liour  for  each  kind  and  grade  of  coal,  the  amount  of  coal  burned  to 
perform  this  work  to  be  varied  according  to  its  quality.  With  some 
of  the  inferior  coals,  especially  with  "Slack,"  this  could  not  always  be 
accomplished,  and  the  rate  of  steam  production  was  therefore  lowered 
slightly  to  admit  of  burning  such  coals  under  fair  conditions.  The 
steam  was  used  in  operating  the  pumping  engines  in  the  station, 
which  were  under  the  author's  control,  in  order  that  the  consumption 
of  steam  should  keep  jjace  with  the  rate  of  production  adopted  for  the 
tests.  The  whole  work  of  the  station  during  the  interval  of  the  phys- 
ical tests  was  nicely  adapted  to  the  requirements  and  conditions  of  the 
coals  submitted  to  investigation. 

To  avoid  as  much  as  possible  the  furnishing  of  selected  samples  of 
coal  for  test  purposes,  the  city  i^urchased  the  coal  under  the 
formal  requisitions  of  the  Water  Department,  and  the  dealers  were  in 
no  instance  permitted  to  be  present  during,  or  have  knowledge  of  the 
results  of,  the  trials.  It  was  hoped  thus  to  arrive  at  the  fair  commer- 
cial value  of  the  respective  coals,  and  to  eliminate  from  the  economic 
results  the  influence  of  samples  selected  for  the  occasion. 

The  two  firemen  who  stood  all  watches  during  the  tests  were  de- 
tailed by  the  Superintendent  of  Water-Works  for  this  special  duty. 
All  assistance  specially  required  for  the  tests  was  furnished  from  the 
author's  ofiice. 
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The  two  Galloway  boilers  were  each  of  the  following  dimensious: 
Shell,  7  ft.  diameter,  28  ft.  long. 

Pire-boxes  (2),  2  ft.  10  ins.  inside  diameter,  8  ft.  long. 
Grates  (2),  2  ft.  9  ins.  wide,  6  ft.  7  ins.  long. 
Combustion  flue,  2  ft.  11 1  ins.  vertical  diameter,  and  6  ft.  2  ins. 

horizontal  diameter,  20  ft.  long. 
Galloway  circulating  tubes  (33),  6  ins.  diameter  small  end,  log- 
ins, diameter  large  end,  2  ft.  Hi]  ins.  long. 
The  boilers  were  set  so  as  to  expose  about  two-thii'ds  of  the  shell 
as  heating  surface.     The  heating  svirface  of  one  boiler  is  divided  as 
follows: 

Heating  surface,  fire-boxes  (2) 83.982  sq.  ft. 

"  "       combustion  flue 296.935      " 

Heating  surface,  Galloway  tubes  (33) 212.338  sq.  ft. 

Bear  head 20.916 

Shell 381.170 

Total 995.341 

Two  boilers  1  990. 68 

Cross-section,  Two  fire  boxes 12.608 

"  Combustion  flue 11.444 

' '  Smoke  tunnel 15. 155 

"  Sheet-iron  chimney 12.566 

Grate  surface  (2) 36.206 

Ratio,  heating  to  grate  surface 27.50  to  1 

Ratio,  grate  surface  to  flue  vent 3.16  to  1 

Water  surface,   one  boiler  (mean  level)  6  ft.  1^  ins.  wide,  28  ft. 

long. 
Chimney  (iron),  48  ins.  diameter,  70  It.  high. 

The  length  of  the  smoke  traverse  from  the  front  end  of  the  grates 
to  the  top  of  the  chimney  was  as  follows: 

Boiler  No.  1 162.37  ft. 

Boiler  No.  2 153.21  " 

Separation  of  boiler  centers 9  It.  2  in. 

On  October  11th,  during  Test  No.  28,  and  on  November  18th,  dur- 
ing Test  No.  35,  tests  were  made  to  ascertain  the  time  required  by 
the  hot  gases  to  flow  from   the   front    end    of   the    fire-boxes  to  the 
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top  of  the  chimney.  This  was  accomplislied  by  allowing  the  coal 
on  the  grates  to  burn  to  incandescence,  and  then  throwing  into  the 
fire-box  a  pint  of  liquid  asphaltum  and  quickly  closing  the  fire- 
door.  From  these  tests,  the  mean  velocities  of  the  gases  through  the 
fire-boxes,  fliies  and  chimney  were  as  follows: 

Boiler  No.  1 10.825  ft.  per  second. 

Boiler  No.  2 11.785 

The  Galloway  boilers  were  the  only  ones  in  the  water  department 
which  were  not  supplied  with  some  kind  of  a  fuel-saving  device  or 
some  other  aiDpliance  which  might  interfere  with  a  uniform  treatment 
of  all  coals,  and  also  be  of  suEBcient  capacity  to  admit  of  using  the 
coals  in  reasonably  large  quantities.  These  boilers,  without  urging, 
made  di"y  steam  at  the  rate  of  10  625  lbs.  per  hour  from  feed  water  at 
a  temperature  of  190°  Fahr..  and  with  a  steam  jaressure  of  102  lbs.; 
equivalent  to  326.90  Commercial  H.  P.  by  the  Centennial  Standard  of 
boiler  power  rating. 

The  coal  was  weighed  from  the  sample  lot  in  iron  barrows  car- 
rying from  1  250  to  1  600  lbs.,  depending  upon  the  kind  of  coal,  and 
was  fired  directly  from  the  barrows  to  the  boilers.  The  time  each 
barrow  was  fired  from  was  noted,  and  the  unburned  coal  in  the 
barrow  at  the  end  of  the  test  was  weighed  back  and  deducted  from 
the  aggregate  charge. 

Provision  was  made,  upon  receiving  a  sample  shipment  of  coal  at 
the  pumping  station,  to  stoi-e  it  so  that  rain  or  snow  should  not  wet 
it,  and  each  sample  was  kept  sej^arate  from  the  coal  used  for  the 
routine  work  of  the  station.  The  tare  of  the  iron  barrows  was  taken 
each  time  one  was  run  out  of  the  boiler  house  empty  for  a  new  load 
of  coal,  and  the  net  weights  so  obtained  were  the  weights  of  coal 
actually  fired  from  each  barrow. 

Previous  to  the  beginning  of  each  test,  the  boilers,  with  clean 
grates,  were  fired  from  the  sample  coal,  the  steam  pressure  was 
brought  to  102  lbs.  by  gauge,  the  temperature  of  the  feed  water  was 
raised  to  igO'*  Fahr.  (with  few  exceptions),  and  the  pumping  engine 
was  started  at  normal  speed.  This  procedure  was  always  observed, 
and  occupied  usually  about  two  hours. 

When  the  charges  of  coal  on  the  grates,  just  before  starting  a 
measured  test,  were  no  longer  able  to  maintain  the  steam   pressure 
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under  normal  conditions  of  engine  speed,  temjaerature,  and  rate  of 
supply  of  feed  water,  the  signal  for  starting  was  given,  and  for  16  hrs. 
thereafter  all  notes  necessary  to  make  a  physical  test  of  the  coals  were 
taken  half-hourly. 

At  the  end  of  each  test  the  last  charges  of  coal  on  the  grates  were 
continued,  as  at  the  beginning,  until  the  steam  pressure,  with  the 
normal  speed  of  the  pumping  engine,  could  no  longer  be  maintained, 
when  the  test  was  stopped. 

The  grates  were  cleaned,  usually,  at  regular  intervals,  and  all  ash, 
clinker  and  iinburnt  coal  was  weighed  back  dry.  The  firemen  were 
constantly  under  espionage  during  the  tests,  and  were  required  to  be 
alert  and  attentive,  without  exceeding  the  care  which  at  all  times 
should  prevail  in  tiring  coal  lander  steam  boilers. 

The  water  was  supplied  to  the  boilers  through  a  pair  of  3-in.  hot- 
water,  Worthington  meters,  made  for  the  purpose,  which  were  rated 
before  and  after  each  series  of  eight  tests,  and  occasionally  on  shorter 
test  intervals.  The  meters  were  rated  under  the  same  conditions  of 
temperature  of  water  and  rate  of  delivery  as  during  the  coal  tests,  the 
water  discharged  being  weighed  in  a  tight  tank  on  a  platform  scale, 
and  reduced  to  volume  corresponding  to  the  temperature  of  the  water 
passing  through  the  meter.  The  meter  tests  in  each  series  were  suffi- 
ciently numerous  to  avoid  error  in  determining  the  value  of  the  factor 
required  to  reduce  the  meter  reading  to  the  true  amount  of  water 
delivered  to  the  boilers  for  the  previous  series  of  coal  tests. 

In  anticipation  of  some  criticism  on  the  use  of  water  meters  for  the 
measurement  of  water  to  the  boilers,  the  following  explanation  of  the 
conditions  which  brought  about  their  use  in  preference  to  tanks  and 
scales  is  offered: 

The  pumping  station  where  these  coal  tests  were  conducted  is  in 
daily  service,  although  usually  for  a  shorter  length  of  time  each  day 
than  the  interval  of  preparation  for  and  test  of  each  sample  of  coal, 
and  upon  the  odd  days  when  no  tests  of  coal  were  in  progress,  the 
machinery  was  operated  in  the  usual  service,  and  at  the  completion  of 
each  coal  test,  the  house  was  left  in  such  condition  that  the  pumps 
could  be  operated  on  the  following  morning,  taking  steam,  however, 
from  one  or  two  of  three  other  sets  of  boilers  in  the  house,  the  Gallo- 
way boilers  being  reserved  exclusively  for  the  coal  tests. 

The  feed  pumps  and  pipes  and  feed-water  heater  were  common  to 
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all  boilers,  but  during  the  test  of  a  sample  of  coal  were  devoted  exclu- 
sively to  the  test  boilers,  and  at  all  other  times  to  such  other  boilers 
as  may  have  been  in  service.  This  arrangement  prevented  the  usual 
breaking  of  connections  in  the  general  system  of  feed-water  pipes 
to  the  ordinary  service  boilers,  and  compelled  a  measurement  of  the 
water  to  the  test  boilers  at  a  point  in  the  line  of  feed-water  pipes 
which  would  effectually  avoid  any  gain  or  loss  of  water  before  it  was 
delivered  to  the  test  boilers;  and  as  at  such  point  (on  tojD  of  the  boilers) 
the  water  had  passed  through  the  feed-water  heater  and  been  brought 
to  near  the  boiling  point,  meters  were  regarded  as  the  only  convenient 
means  for  this  purpose. 

The  feed  pipes  from  the  meters  to  the  check  valves  of  the  Galloway 
boilers  were  exposed  to  view,  and  no  loss  at  joints  could  have 
occurred  without  its  being  i^romj^tly  noticed;  and  no  connections  were 
made  with  these  pipes  through  which  either  gains  or  losses  from  other 
boilers  might  have  occurred.  Thus  all  water  which  passed  throtigh 
the  meters  was  delivered  without  gain  or  loss  into  the  test  boilers. 

Kecognizing  the  difficulty  of  a  satisfactory  measurement  by  meter 
of  the  water  delivered  to  the  boilers,  careful  tests  of  the  meters  were 
made  previous  to  the  coal  tests,  and  at  frequent  intervals  during  the 
first  few  tests,  until  it  was  discovered  that  the  wear  of  the  meters  fol- 
lowed a  nearly  uniformly  varying  curve;  and  in  determining  the 
amount  of  water  to  be  credited  to  any  test,  it  was  assumed  that  the 
wear  of  the  meters  was  uniformly  variable  between  any  two  successive 
tests  of  the  meters,  and  the  gross  error  was  properly  distributed 
between  the  several  preceding  tests. 

In  testing  the  meter  for  error  of  registry,  25  cu.  ft.  (by  meter)  was 
taken  for  each  draft  in  the  tank,  and  usually  five  or  six  drafts  were 
made  to  correct  for  slight  variation  in  rates  of  flow.  The  error  was 
obtained  by  comparison  of  the  actual  weight  of  water  drawn  with  the 
weight  at  the  observed  temperature  of  the  water  registered  by  the 
meter. 

Previous  to  each  test  and  at  frequent  intervals  the  screws  in  the  top 
of  the  meter  case  were  loosened  to  vent  any  air  or  vapor  which  might 
have  formed  in  the  meter,  but,  excepting  upon  starting,  there  was 
seldom  any  air  to  vent,  while  the  temjDerature  of  the  water  (190° 
!Fahr.),  and  the  pressure  under  which  the  meters  were  worked  (105 
lbs, )  precluded  the  formation  of  vapor  from  the  hot  water. 
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The  coal  tests  were  for  comparative  rather  than  absolute  effects, 
and  so  long  as  the  method  of  water  measurement  was  alike  for  all  sam- 
ples, and  not  subject  to  vagaries  or  phenomena,  it  was  considered  suf- 
ficient for  the  purpose.  Meter  readings  were  taken  and  compared 
half-hourly  during  the  whole  test  of  each  sample  of  coal. 

The  water  levels  in  each  boiler  were  read  from  scales  attached  to 
the  glass  tubes  and  graduated  to  eighths  of  an  inch.  Any  discrepancy 
between  the  first  and  last  water  levels  was  corrected  by  adding  or  sub- 
tracting the  proper  volume  of  water  reduced  to  weight  due  to  the 
temi^erature  of  the  steam  and  water  in  the  boilers  at  the  end  of  test. 
By  careful  management  of  the  boiler  feeder  it  was  often  jjossible  to 
obtain  exactly  the  same  water  level  at  the  end  of  the  test  as  at  start- 
ing, and  during  the  tests  to  hold  the  water  levels  quite  close  to  the 
starting  point. 

The  readings,  as  taken  for  the  two  boilers,  indicated  the  depth  of 
water  above  the  brass  niits  at  the  lower  ends  of  the  glass  gauges. 
These  nuts  were  1.875  ins.  below  the  crowns  of  the  fire-boxes,  and  this 
amount  subtracted  from  the  readings  on  the  scales  gives  the  depth  of 
water  over  the  fire-boxes  during  the  respective  trials.  In  the  tables 
which  follow,  the  water  levels  are  stated  as  the  mean  depth  in  inches 
over  the  fire-boxes. 

The  steam  gauges  and  thermometers  were  of  good  make,  and  were 
compared  from  time  to  time  with  standard  test  instruments,  and  all 
readings  were  corrected  for  errors  of  registry.  The  quality  of  the 
steam  was  determined  by  a  pair  of  "Carpenter"  throttling  steam  cal- 
orimeters, obtained  from  the  Schiiffer  and  Budenberg  Company,  New 
Yoi'k.  One  of  each  of  these  was  set  iu  the  steam  outlet  at  the  mid- 
longth  of  each  boiler,  the  deductions  were  averaged  from  each  instru- 
ment, and  the  mean  result  used  in  computing  the  water  entrained  and 
the  net  steam  for  each  test. 

Calorimetric  observations  of  the  steam  were  taken  every  lialf  hour 
during  each  test,  although  it  was  early  discovered  that  the  condition 
of  the  steam  was  a  function  of  the  boiler  and  not  of  the  coal,  the  qual- 
ity being  quite  the  same  for  good  and  bad  coals,  and  such  variations 
as  occurred  fi'om  time  to  time  during  any  test,  and  from  coal  to  coal 
during  the  several  months  of  test,  were  attributed  to  variations  in  the 
rate  of  steam  flow  to  the  pumping  engines,  arid  to  the  opening  of  the 
fire-doors  at  the  time  of  taking  calorimeter  readings.    The  calorimeters 
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and  steam  connections  were  lieavily  clothed  with  non-conducting 
materials  to  prevent  loss  of  heat  to  the  atmosphere,  or  gain  of  heat  from 
the  steam  pipe  to  the  condensing  bulb  of  the  instrument. 

During  these  tests  over  3  600  observations  were  made  with  the 
steam  calorimeters,  and  these  were  reduced  and  carefully  studied  for 
influence  of  the  pumping  engines  on  the  quality  of  the  steam. 

Efficiency  of  the  Steam. 

With  reference  to  the  quality  of  steam,  this  should  depend  iipon 
the  type  and  setting  of  boilers,  the  rate  of  evaporation  per  unit  of 
heating  surface,  and  the  manner  in  which  the  steam  is  taken  from 
the  boilers.  Super-heating  surface  will  be  required  to  produce  dry 
or  super-heated  steam,  and  a  lack  of  super-heating  surface  in  the 
design  or  setting  of  boilers  means  steam  of  thermal  value  lower  than 
saturation.  The  quality  of  steam  may  be  slightly  affected  by  the 
fuel  and  firing.  Thus  a  low-grade  fuel,  or  careless  firing,  with  fre- 
quent opening  of  the  fire-doors  and  the  rush  of  cold  air  into  the  fire- 
boxes or  furnaces,  may  lower  the  quality  of  the  steam  and  increase 
the  amount  of  water  entrained.  But  with  coals  not  varying  greatly 
in  value,  and  with  uniform  care  in  firing,  the  quality  of  the  steam 
should  be  a  function  of  the  boilers,  the  rate  at  which  they  are 
worked  and  the  manner  of  taking  the  steam  from  the  boilers. 

If  the  steam  is  delivered  at  a  steady  rate  into  the  atmosphere,  or 
to  an  engine,  where  there  is  no  sensible  variation  in  the  flow  for  any 
given  rate  of  evaporation,  the  quality  should  be  a  maximum.  When 
the  delivery  of  steam  is  irregular,  and  subject  to  large  and  rapid 
variations  of  flow,  the  quality  should  be  a  minimum. 

At  the  time  these  tests  were  projected,  it  was  thought  that  the 
quality  of  the  steam  would  be  quite  uniform  for  all  tests,  varying 
inversely  with  the  rate  of  evaporation,  and  rising  and  falling  slightly 
"with  the  quality  of  the  coals;  but  no  consideration  had  been  given  to 
the  influence  of  the  engines  on  the  quality  of  the  steam. 

The  pumping  station  contains  two  pumping  engines,  each  of  the 
same  nominal  capacity,  viz.,  6  000  000  galls.  j)er  24  hours,  delivered 
against  a  net  head  of  310  ft.  One  of  these  is  a  plain  comjiound  con- 
densing Worthington  engine,  and  the  other  (the  Niles  engine),  a  pair 
of  non-condensing  western  river  steamboat  style  of  engines,  coupled, 
•with  cranks  set  at  quarters,  and  steamboat  pojapet  valves  operated  by 
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rocking  toes  and  lifters.  The  operation  of  the  steam  valves  in  the 
Worthington  engine  is  smooth,  and  without  sensible  shock  to  the  column 
of  steam  in  the  steam  pipe  moving  from  the  boilers  to  the  engine,  while 
the  steam  valves  of  the  other  engine  are  abruptly  opened  and  closed, 
producing,  while  the  valves  are  open,  a  high  velocity  in  the  steam  pipe, 
and  bringing  the  column  of  steam  quickly  to  a  state  of  rest  when  the 
poppet  valves  are  closed.  Both  the  opening  and  closing  movements 
of  the  steam  valves  of  the  Niles  engine  are  rapidly  effected  by  quick- 
acting  cams,  wholly  unlike  the  smooth  easy  motion  of  the  slide  valves 
in  the  duplex  Worthington  engine. 

When  the  steam  was  taken  from  the  boilers  by  the  Worthington 
engine,  the  quality  was  high;  and  when  taken  by  the  Niles  engine,  the 
efficiency  of  the  steam  dropped  from  1  to  Ih  per  cent.  The  fact  had 
baen  observed  for  some  time  before  the  cause  was  suspected;  but  the 
uniformly  higher  quality  of  steam  when  the  Worthington  engine  was 
in  service  demonstrated  that  the  engine  itself  had  an  influence  on  the 
quality  of  the  steam,  and  a  probable  influence  on  the  economical 
effect  of  the  coal. 

Of  the  fifty-four  tests,  twenty-four  were  made  with  the  Niles 
engine,  three  partly  with  the  Worthington  engine  and  partly  with  the 
Niles  engine,  and  one  trial  was  made  partly  with  the  Worthington 
engine,  and  partly  by  blowing  the  steam  through  the  feed-water 
heater  into  the  atmosphere.  The  other  twenty-six  tests  were  made 
with  the  Worthington  engine. 

With  the  exception  of  Test  No.  50  (which  was  purposely  made  partly 
with  each  engine),  changes  from  one  engine  to  the  other,  or  in  the  mode 
of  disposing  of  the  steam,  were  caused  by  accidents,  which  compelled 
the  stopping  of  the  damaged  engine  and  the  starting  of  the  other;  or,  as 
in  one  instance,  the  wasting  of  the  steam  into  the  air  for  a  few  hours. 

Test  No.  1  was  made  for  11  hrs.  56  mins.  with  the  steam  going  to  the 
Worthington  engine,  and  for  4  hrs.  14  mins,  with  the  steam  going 
through  the  feed-water  heater  to  the  atmosphere. 

Test  No.  2  was  made  for  5  hrs.  8  mins.  with  the  steam  going  to  the 
Worthington  engine,  and  for  11  hrs.  3  mins.  with  the  steam  going  to 
the  Niles  engine. 

Tests  Nos.  3  to  19,  inclusive,  were  made  with  the  Niles  engine. 

Test  No.  20  was  made  for  7  hrs.  13  mins.  with  the  Niles  engine,  and 
for  8  hrs.  47  mins.  with  the  Worthington  engine. 
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Tests  Nos.  21  to  41,  inclusive,  were  made  with  tlie  Worthington 
engine. 

Tests  Nos.  42  to  49,  inclusive,  were  made  with  the  Niles  engine. 

Test  No.  50  was  made  for  10  hrs.  with  the  Worthington  engine,  and 
for  5  hrs.  41  mins.  with  the  Niles  engine. 

Tests  Nos.  51  to  55,  inclusive,  were  made  with  the  Worthington 
engine. 

Tests  Nos.  2,  20  and  50,  having  been  made  partly  with  the  Niles 
engine  and  partly  with  the  Worthington  engine,  an  opportunity  was 
offered  to  inquire  into  the  influence  (if  any)  of  the  engines  on  the  eflfi- 
ciency  of  the  coal. 

TABLE    No.    1. — CoMPAEisoN    of   Effects  with    Worthington    and 
NUiES  Engines,  Eespectiyely,  in  Sebvice. 


Number  of  test. 

Engine  in  service. 

Pounds  of  coal  per  cubic  foot 
of  water  supplied  to  boilers. 

2 

Worthington. 

Niles. 
Worthington. 

Niles 
Worthington. 

Niles. 

6.549 

2       

7.056 

7  133 

20 

7.132 

50 

50        

6  696 

Diiring  the  early  part  of  Tests  Nos.  2  and  50,  the  Worthington  en- 
gine was  in  service,  and  during  the  latter  part  the  Niles  engine.  During 
the  early  part  of  Test  No.  20  the  Niles  engine  was  in  service,  and 
during  the  latter  part  the  Worthington  engine.  Considering  these  tests, 
there  is  a  distinct,  though  rough,  indication  that  the  engine  through 
which  the  steam  was  worked  had  an  influence  on  the  economy  of  the 
several  fuels.  Comparisons  of  steam,  water  and  coal  svij^plied  to  the 
boilers  daring  intervals  of  the  tests  when  both  engines  were  (at  times) 
in  service,  show,  in  all  instances  but  one,  that  the  coal  per  unit  of  water 
was  greatest  when  the  Niles  engine  was  running,  while  in  the  single 
exception  the  coal  per  unit  of  water  was  almost  precisely  the  same  for 
each  engine. 

The  notes  from  the  calorimeters  uniformly  show  a  lower  efficiency 
when  the  steam  was  going  to  the  Niles  engine,  and  for  a  while  it  was 
thought  that  the  loss  in  steam  efficiency  was  probably  compensated  by 
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a  corresponding  increase  in  the  delivery  of  water  to  the  boilers;  but  a 
careful  review  and  comparison  of  the  coal  and  water  supplied  to  the 
boilers  when  both  engines— at  diflferent  times— were  in  service,  show 
that  not  only  was  the  quality  of  the  steam  lower,  but  the  coal  required 

TABLE  No.  2. — Efficiencies  of  the  Steam. 


Coal  under  test. 


New  River,  Mine  Run 

Kanawha,  Steam  Lump 

Kanawha,  Gas  Lump 

Pittsburg,  Catsburg,  Lump 

"  "  Barge  Run 

"  Mine  Run 

"  '•  Nut  and  Slack 

"  Woods,  Lump 

"  '•        Barge  Run 

"  "  Mine  Run 

"  "         Nut  and  Slack.., 

"  Brown,   Lump 

"  "        Mine  Run 

"         Barge  Run 

"  "         Nut  and  Slack — 

"  Cin'ti,  Mine  Run 

"  "        Nut  and  Slack 

Campbell's  Creek,  Nut  and  Slack 

Loup  Creek,  Mine  Run . . 

"        Nut  and  Slack 

Pocahontas,  Mine  Run 

Winif rede,  Lump 

"  Mine  Run 

"  Nut  and  Slack 

Pocahontas,  Lump 

Loup  Creek,  Lump 

Thacker,  Mine  Run 

Campbell's  Creek,  Mine  Run 

Thacker,  Nut  and  Slack .    

New  River,  Mine  Run 

Acme,  Mine  Run 

'•        Nut  and  Slack 

Keystone,  Mine  Run 

New  River,  Lumr 


Monongah,  Mine  Run 

Thacker,  Lump 

Belmont  Splint,  Mine  Run 

"  "         Nut  and  Slack. . . 

Jellico,  Ky.,  Nut  and  Slack 

Luhrig,  Washed  Egg 

Logan  Cons.,  Thacker,  Mine  Run. 

Luhrig,  Washed  Slack 

Wellston  Shaft,  Mine  Run '. . . 

"       Nut  and  Slack... 

Maritime,  Thacker,  Mine  Run 

Jellico,  Ky.,  Mine  Run 

Jellico,  Tenn.,  Nut  and  Slack 

New  River,  Lump 

Thacker,  Mine  Run 

Eagle,  Mine  Run ] 

Cedar  Grove,  Mine  Run.  | 

Mt.  Carbon,  Mine  Run. .  J- 

Chesapeake,  Mine  Run.  i 
Coalburg,  Mine  Run J 


Worth)  ng- 
ton  engine 
and  to  at- 
mosphere. 


Niles  en- 1  Worthing- 
gme.     ton  engine. 


0.9874 

0.9880 

0.9836 

0.9825 

0.9788 

0.9834 

0.9794 

0.9821  , 

0.9818  >■ 

0.9845 

0.9854 

0!9828 
0.9797 
0.9782 
0.9770  J 


0.9835  I 
0.9805  ' 
0.9769  I 
0.9767  f 
0.9793  I 
0.9784  I 
0.9771  I 


0.9901 
0.9902 
0.9903 
0.9906 
0.9902 
0.9900 
0.9929 
0.9956 
0.9956 
0.9949 
0.9935 
0.9930 
0.9913 

o!9933 
0.9935 
0.9937 
0.9949 
0.9945 
0.9913 
0.9949J 


Worthing- 
ton  and 
Niles  en- 
gines. 


(Mean  of 

Tests  Nos. 

3  to  19, 

0.9831.) 


("Mean  of 

Tests  Nos. 

21  to  41, 

0.9930.) 


(Mean  of 

Tests  Nos. 

43  to  49, 

0.9797.) 
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per  unit  of  water  supplied  to  the  boilers  was  higher  with  the  Niles 
engine. 

Table  No.  2  shows  the  efficiencies  of  steam  for  Tests  Nos.  1  to  50, 
inclusive.  In  Column  3  is  given  the  mean  efficiency  of  the  steam  when 
it  was  consumed  for  the  major  portion  of  the  test  by  the  Worthington 
engine,  and  blown  through  the  feed-water  heater  into  the  air  for  the 
latter  portion  of  the  test.  Column  4  shows  the  efficiencies  of  the  steam 
when  the  Mies  engine  alone  was  working.  Column  5  contains  the  same 
data  when  the  Worthington  engine  alone  was  working;  and  Column  6 
the  efficiencies  when  the  steam  was  taken  for  a  jjortion  of  the  test  by 
the  Niles  engine,  and  for  a  portion  of  the  test  by  the  Worthington 
engine. 

For  Tests  Nos.  .51  to  55,  inclusive  (Worthington  engine),  the  calori- 
meters were  read  regularly  as  in  all  previous  tests,  but,  the  notes 
simply  confirming  the  results  obtained  from  Tests  Nos.  21  to  41, 
inclusive,  the  mean  efficiency  (0.993)  for  these  former  tests  was  used  in 
determining  the  weight  of  water  actually  converted  into  steam  for  the 
last  five  coals. 

It  was  unfortunate  that  all  coals  could  not  have  been  tested  with 
the  same  engine  taking  the  steam,  but  accidents,  first  to  one  engine  and 
then  to  the  other,  made  this  an  impossibility,  and  recourse  must  be 
had  to  such  corrections  for  the  engines  as  the  data  will  warrant. 

It  will  be  understood  that,  throughout  the  tests  mentioned,  when 
first  one  engine  and  then  the  other  was  used  to  work  off  the  steam  made 
by  the  test  boilers,  the  same  coal  was  burned,  and  when  comparisons 
are  made  of  the  influence  of  the  engines  on  the  coal  required  per  unit 
of  water,  coal  always  of  the  same  commercial  quality  is  under  con- 
sideration. 

Considering  the  New  Eiver  coals,  which  were  tested  first  (Test  No. 
1),  by  working  the  steam  for  nearly  12  hours  through  the  Worthington 
engine,  and  then  fqr  over  4  hours  through  the  feed- water  heater  to  the 
atmosphere;  next  (Tests  Nos.  31  and  35) ,  when  the  Worthington  engine 
used  the  steam  for  the  whole  of  each  test;  and  finally  (Test  No.  49), 
•when  the  Niles  engine  used  the  steam  for  the  entire  trial,  it  appears 
that  the  efficiency  of  the  steam  varied  perceptibly  under  these  difi'erent 
conditions  of  use,  and  that  while  the  boilers,  firemen  and  fuel  were  not 
changed,  the  change  in  the  manner  of  using  or  wasting  the  steam  had 
an  influence  on  its  quality. 
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TABLE  No.  3. — Efficiency  of  Steam  with  New  Eivek  Coals. 


Test 
No. 

Kind  of  coal. 

Steam  press- 
ure.      In 
pounds. 

Disposition  of  steam. 

Efficiency,  saturated 
steam  being  talcen 
as  unity. 

1.... 
31.... 

New  River,  Mine  Run. . 

New  River,  Mine  Run. . 

New  River,  Lump 

New  River,  Lump 

100.5 

101.4 

101.3 
100.9 

To    Worthington    en- 
gine, 11  hrs.  56  mins. ; 
to  feed-water  lieater, 
4  hrs.  14  mins 

To    Worthington    en- 

0.9898 
0.9935 

35... 

To    Worthington    en- 
gine        . .            

0.9933 

49. . . . 

ToNiles  engine 

0.9771 

By  this  comparison  it  appears  that  the  efficiency  of  the  steam  was 
1. 63%  higher  when  the  "Worthington  engine  was  used  than  when  the 
Niles  engine  was  used,  and  to  avoid  prejudice  to  any  coal  investigated 
during  these  tests,  the  author  concluded  that  a  careful  study  of  all  the 
conditions  and  data  warranted  the  assumption  that  the  extreme  varia- 
tions in  the  efficiency  of  the  steam  were  not  due  either  to  the  kind  or 
grade  of  coal  burned,  but  to  the  manner  of  using  the  steam  from  the 
boilers,  and  that  for  purposes  of  comparison  the  coals  should  be  rated 
upon  a  uniform  efficiency  of  the  steam. 

Condition  of  the  Bollebs. 

The  tests  were  made  with  the  boilers  in  ordinary  condition,  and  at 
the  end  of  each  series  of  three  or  four  tests,  the  boilers  were  opened  and 
all  loose  material  washed  out.  The  feed  water  was  passed  through  an 
Excelsior  filter  and  feed-water  heater,  which  intercepted  the  mud  and 
heavier  suspended  matter  before  it  reached  the  boilers.  At  each 
periodical  washing  a  small  amount  of  loose  scale  and  fine  silt  was  re- 
moved from  the  circulating  tubes  and  the  bottom  of  the  boilers.  After 
Test  No.  49  the  boilers  were  opened  and  the  small  amount  of  scale 
found  was  carefully  chipped  and  scraped  oflf  to  the  surface  of  the 
metal.  Test  No.  50  was  then  made,  using  a  coal  the  value  of  which  had 
been  previously  established  during  Test  No.  28  with  the  boilers  in 
ordinary  condition. 

Assuming  that  Test  No.  28  rejiresented  the  boilers  in  the  condition 
for  all  coals  tested,  while  Test  No.  50  represented  the  boilers  in  the  best 
possible  condition.  Table  No.  4  shows  the  comparison  of  effects  for 
these  two  tests. 
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TABLE  No.  4. — Comparison  of  Steam  pee  Pound  of  Coax,  and  per 
PoTJND  or  Combustible  for  Tests  Nos.  28  and  50  (in  both 

USING    ThACKER,    MiNE-EuN    COAIi). 


KuMBER  OF  Test. 

28 

50 

Duration  of  test. 

16  hrs.  00  mins. 

15  hrs.  41  mins. 

Steam  per  pound  of  coal  from  and  at  212'  Fahr, 
Pounds 

9.392 

10.132 

92.707 

9.735 

Steam  per  pound  of  combustible  from  and  at  212" 
Fahr      Pounds 

10.357 

93.993 

Increased  percentage  of  combustible  (second  test 
of  coal) 

1.387 

Apparent  gain  in  economy  by  coal.    Percentage. . 

Net  gain  in  economy  by  coal.    Percentage 

Gain  in  economy  by  combustible.    Percentage. . . . 

3.650 
2.263 
2.220 

From  this  comparison  it  appears  that  the  difference  between  the 
performance  of  a  given  coal  with  the  boilers  very  carefully  cleaned, 
and  with  the  boilers  in  ordinary  working  condition,  was  about  2\%, 
an  amount  by  which  the  economic  and  capacity  results  obtained  with 
each  coal  may  be  increased  to  show  the  possibilities  of  these  several 
coals  with  perfectly  clean  heating  surfaces  and  ordinary  firing. 

Sources  of  Coal  Samples. 
Fifty-four  samples  of  coal  were  tested,  as  follows: 

Fourteen  samples  of  Pennsylvania  (Pittsburg)  coals. 

Thirty-three  samples  of  West  Virginia  coals. 

Fou.r  sami^les  of  Ohio  (Hocking  Valley  and  Jackson)  coals. 

Two  samples  of  Kentucky  coals. 

One  sample  of  Tennessee  coal. 

The  Pennsylvania  coals  were  as  follows: 

Four  samples  from  the  Brown  Mines,  Nos.  10  and  11,  Second 
Pool,  Monongahela  River. 

Four  samples  from  the  Catsburg  Mine,  No.  47,  Third  Pool, 
Monongahela  River. 

Two  samples  from  the  Cincinnati  Mines,  Third  Pool,  Mononga- 
hela River. 

Four  samples  from  the  Woods  Mine,  No.  75,  Fourth  Pool, 
Monongahela  River. 
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The  West  Virginia  coals  were  as  follows: 

Four  samples  from  New  River,  Mines  Nos.  71  to  80,  inclusive, 

Fayette  Co. 
Three  samjiles  from  Loup  Creek,  Mines  Nos.  81  to  87,  inclusive, 

Fayette  Co. 
Two  samples  from  Pocahontas,  Mines  Nos.  96  to  140,  inclusive, 

McDowell  and  Mercer  Counties. 
One  sample,  Kanawha  steam  coal  from  Mine  No.  47,  Kanawha  Co. 
One  samjjle,  Kanawha  gas  coal  from  Mine  No.  102,  Kanawha  Co. 
Two  samples,  Acme  coal  from  Mine  No.  24,  Kanawha  Co.* 
One  samj^le,  Keystone  coal  from  Mine  No.  23,  Kanawha  Co.* 
Three  samples,  Winifrede  coal  from  Mines  Nos.  14,  17,  18  and 

19,  Kanawha  Co. 
Four  samples,  Thacker  coal,  Mingo  Co. 
One  sample,  Logan  Consolidated  Thacker  coal,  Mingo  Co. 
One  sample.  Maritime  Thacker  coal,  Mingo  Co. 
Two  samples,  Campbell's  Creek  coal  from  Mines  Nos.  10  to  12 

inchisive,  Kanawha  Co. 
One  sample,  Monongah  coal  from  Mines  Nos.  2  to  5,  inclusive, 

Marion  Co. 
One  sample,  Eagle  coal  from  Mine  No.  5,  Kanawha  Co. 
One  sample,  Cedar  Grove  coal  from  Mine  No.  27,  Kanawha  Co. 
One   sample,    Mt.    Carbon   coal    from  Mines  Nos.    48   and   49, 

Fayette  Co. 
One  sample,  Chesapeake  coal  from  Mine  No.  36,  Kanawha  Co. 
One  sample,  Coalburg  coal  from  Mine  No.  21,  Kanawha  Co. 
Two  samples,  Belmont  Splint  coal  from  Mine  No.  32,  Kanawha  Co. 

The  Ohio  coals  were  as  follows : 

Two  samples,  Luhrig  coal  from  Mine  No.  1  (Daleton),  Athens  Co. 
Two  samples,  Wellston  Shaft  coal  from  Mine  No.  3,  Jackson  Co. 
The  Kentucky  coals  were  as  follows: 

Two  samples  from  the  Jellico  Mines  in  Whitly  Co. 
The  single  sample  of  Tennessee  coal  was  from  the  Jellico  Mines,  in 
Campbell  Co. 

The  sketch  map  (Fig.  2)  indicates  the  geographical  location  of  the 
various  coal  fields  from  which  the  test  samples  of  coal  were  obtained. 
*  These  coals  represent  two  separate  and  distinct  veins. 
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In  each  instance  the  samples  of  coal  were  ordered  from  the  agents 
or  mine  owners  in  quantity  sufficient  for  the  preliminary  firing  of  the 
boilers  and  for  the  16-hour  test  which  followed,  and  each  agent  or  mine 
owner  was  required  to  furnish  with  the  sample  of  coal  a  sworn  state- 
ment of  the  source  and  market  grade  of  coal  supplied.  "While  this 
may  not  in  all  cases  have  larevented  the  substitution  of  coal  from  one 
mine  for  that  of  another,  it  put  the  coal  men  on  their  honor  to  supply 
the  kind  and  grade  of  coal  ordered  by  the  city  for  test  purposes. 

The  importance  of  these  tests  to  Cincinnati  will  ajjpear  when  it  is 
known  that  the  City  Government  alone  is  a  purchaser  of  over  $80  000 
worth  of  coal  annually,  and  the  value  of  the  entire  consumption  of  coal 
for  all  purposes  in  the  city  at  the  present  time  cannot  be  less  than 
.?2  500  000  per  annum. 

The  most  extensive  series  of  physical  tests  of  coal  under  uniform 
conditions,  previous  to  these,  of  which  the  author  is  aware,  were 
made  for  the  United  States  Navy  by  Professor  W.  E.  Johnson,  in  1842 
and  1843.  These  comprised  physical  and  chemical  examinations,  and 
calorific  determinations  by  the  Berthier  method,  of  f  orty-f  our  diff'erent 
samples  of  coal.  In  view  of  the  very  large  quantities  of  coal  burned 
and  water  evaporated  during  each  of  the  author's  trials,  it  is  amusing 
to  read  from  Professor  Johnson's  re]3ort,  his  description  of  the  magni- 
tude of  these  earlier  (physical)  trials  for  the  Navy: 

"The  total  weight  of  coal  consumed  in  the  trials  of  evaporative 
power  has  been  nearly  62.5  tons,  and  the  weight  used  on  an  average 
978  lbs.  per  trial.  This  statement  may  be  sufficient  to  indicate  that 
the  experiments  have  been  made  on  a  scale  imobjectionable  on  the 
score  of  magnitude. " 

Presuming  that  few  members  of  the  Society  have  any  knowledge 
of  these  earlier  coal  tests  by  Professor  Johnson,  it  will  be  interesting 
to  such  to  note  that  the  experiments  were  conducted  with  a  single 
return-flue  boiler,  3  ft.  6  ins.  in  diameter  and  30  ft.  long,  with  two 
return  flues  the  full  length  of  the  boiler,  each  10  ins.  in  diameter.  The 
air  to  sui^iDort  combustion  was  heated  before  it  passed  under  the  grate, 
in  flues  built  in  the  side  walls  of  the  boiler  setting,  and  the  gases  of 
combustion  jsassed  from  the  grate  backward  under  the  shell  of  the 
boiler,  thence  through  the  flues  to  the  front  end  of  the  boiler,  thence 
to  the  rear  end  of  the  boiler  through  a  flue  in  the  brickwork  on  the 
left  side  above  the  fire  line,  and  thence  forward  through  a  similar  flue 
in  the  right  side  of  the  setting,  to  the  base  of  the  brick  chimney,  set 
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at  the  front  end  and  to  the  right  of  the  boiler.  The  chimney  was  of 
brick,  41  ft.  high  from  ground  level,  with  a  flue  18  ins.  square,  and  a 
sheet-iron  extension  22  ft.  high  and  23  ins.  in  diameter  This  boiler 
was  worked  at  an  average  of  about  6.25  lbs.  per  square  inch  above 
atmospheric  pressure — the  pressure  never  being  less  than  5. 8  lbs. — and 
upon  two  occasions  only,  during  this  long  series  of  trials,  the  pressure 
was  raised  to  15.65  and  19.16  lbs.,  respectively.  All  steam  was  blown 
through  two  direct-weighted  safety  valves,  into  the  atmosphere  or 
into  the  chimney. 

Considering  the  low  steam  pressures  used,  and  the  moderate  rate 
of  evaporation  jjer  unit  of  heating  surface,  the  capacity  of  this  old- 
style  boiler  during  the  coal  tests  was  about  30  Commercial  H.  P. 

Physical  Tests  of  Coals. 

In  the  following  tables  giving  the  resume  of  each  test,  the  coals 
have  been  grouped  by  States,  and  the  several  grades  of  each  kind  of 
coal  tested  are  brought  together  for  comparison  of  economic  results. 
The  favorite  grades  of  steam  coals  are  Mine  Run  and  Nut  and  Slack, 
with  an  extensive  use  of  Slack  coal  for  mechanical  stokers.  The 
prices  of  the  coals  grade  downward  from  Screened  Lumi3  to  Slack, 
and  it  is  constantly  a  problem  with  buyers  of  large  quantities  of  coal 
to  determine  which  grade  at  given  prices  will  represent  the  best 
economy.  Each  grade  of  coal  has  its  advocates  among  buyers.  In 
spite  of  the  millions  of  tons  of  graded  coals  which  have  been  burned 
on  western  river  steamboats,  it  is  still  a  matter  of  controversy  among 
river  men  whether  Mine  Run  or  Screened  Lump  coal,  at  the  prices 
usually  charged,  is  the  cheaper  coal  for  steam  purposes. 

It  is  customary  when  burning  low-grade  bituminous  coals  to  wet 
the  coal  slightly  before  it  is  charged  into  the  furnace.  With  many  of 
such  coals,  this  preliminary  wetting  causes  the  smaller  particles  to 
adhere  together  until  sufficiently  heated  to  make  a  coke,  and  prevents 
the  usual  sifting  of  these  jiarticles  through  the  grates  into  the  ash- 
pits with  corresponding  loss  of  useful  effect;  and  if  the  coal  be  not 
too  dirty,  it  is  often  possible  by  this  method  to  obtain  quite  as 
economical  results  with  Slack  as  with  Nut  and  Slack  coal.  Owing  to 
the  difficulty  of  determining  just  how  much  water  each  particular 
kind  of  coal  might  take  without  positive  injury  to  its  efficiency,  dur- 
ing these  tests,   the  low-grade  coals  were  always  fired  without  pre- 
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liminary  wetting,  and  from  the  dealers'  point  of  view,  the  coal  should 
be  vahied  without  regard  to  subsequent  treatment  by  the  buyer.  The 
coals,  therefore,  in  all  cases  were  burned  in  the  same  condition  as 
supplied  to  the  station  by  the  dealers  or  mine  owners. 

Previous  to  each  trial,  100  lbs.  of  coal  was  taken  from  the  sample, 
and  i)ut  into  a  wooden  box  perforated  on  the  top,  bottom  and  sides, 
to  allow  free  circulation  of  air  around  and  through  the  coal,  and 
placed  on  one  of  the  steam  manheads  of  the  boilers  to  dry  the  coal 
and  obtain  a  factor  for  estimation  of  the  superficial  moisture  it  con- 
tained. At  the  end  of  the  test  this  box  and  sample  was  returned  to  the 
scale,  and  any  loss  of  weight  was  taken  as  the  excess  of  moisture  in 
the  coal.  The  losses  estimated  in  this  manner  ranged  from  0  to  2%, 
and  have  been  allowed  for  in  the  item  "Commercially  dry  coal 
burned. " 

The  results  given  in  the  tables  are  in  no  case  supposed  to  indicate 
the  best  possibilities  with  these  coals.  The  firemen  were  perhaps  the 
best  regularly  employed  by  the  City  Water  Department,  and  carefully 
and  faithfully  performed  their  duties  during  these  tests,  but  no 
attempt  at  expert  firing  was  permitted,  the  men  being  directed  only 
to  give  uniformly  good  service  throughout  each  and  every  test.  No 
extra  help  was  furnished  for  handling  the  coal,  and  as  a  whole,  the 
results  are  no  better  than  good  firemen  should  obtain  in  steady  ser- 
vice from  day  to  day,  with  the  same  coals.  The  author  regards  the 
results  obtained  by  this  method  of  handling  the  coal  as  more  satis- 
factory to  the  buyers  and  users  of  coal  than  those  which  might  have 
been  obtained  by  expert  firemen  with  assistants  to  open  and  close  the 
fire  doors,  and  an  amount  of  labor  which  men  could  not  maintain  day 
after  day. 

Referring  to  Tables  Nos.  5  to  11,  inehisive,  when  the  "  duration  of 
test "  (1)  as  in  six  instances,  was  a  few  minutes  more  or  less  than  16 
hours,  this  was  occasioned  by  the  steam  pressure  or  water  levels  in  the 
boilers  being  too  high  or  too  low,  or  by  the  condition  of  the  charges  of 
coal  on  the  grates,  which  compelled  an  earlier  or  later  stopj^ing  of  the 
respective  tests.  In  each  test  an  attempt  was  made  to  restore  the  start- 
ing conditions  of  steam  pressures,  water  levels,  fires  on  grates  and 
speed  of  pumping  engine  at  the  expiration  of  16  hours  of  test,  and  with 
the  exceptions  noted,  this  was  always  accomplished.  The  steam  gauges 
(2),  and  thermometers  (6),  (7),  (9),  were  compared  for  each  test  with 
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standard  instruments.  The  temperature  of  the  waste  gases  in  the 
chimney  (4)  was  taken  with  a  Brown  hot-blast  pyrometer,  which  was 
adjusted  before  each  test  by  a  standard  mercury  thermometer. 

"Commercially  dry  coal"  (10)  means  the  actual  weight  of  coal 
fired  to  the  boilers,  reduced  by  the  amount  of  moisture  lost  by  a  sample 
of  100  lbs.  carried  for  16  hours  in  ajjerforated  box  on  top  of  the  boilers. 
This  does  not  represent  the  moisture  found  by  chemical  analysis  of  the 
coal  samples,  but  the  wetness  due  to  exposure  to  the  weather  in  barges 
and  railway  cars.  During  the  hot,  dry  weather  of  August  and  Septem- 
ber, 1897,  but  few  of  the  coals  showed  any  loss  when  placed  in  the  box 
over  the  boilers.  The  conditions  with  reference  to  determining  the 
percentage  or  amount  of  dry  coal  were  alike  for  all  coals.  The  ash, 
clinker  and  refuse  from  the  ash-pits  (11)  in  all  instances  was  weighed 
back  dry. 

Coal  which  fell  into  the  ashes  from  the  firemen's  shovels  was  picked 
out  and  burned,  and,  except  during  the  first  three  or  four  tests,  but 
few  pieces  of  unburned  or  i^artially  coked  coal  were  found  among  the 
ashes. 

The  Wellston  shaft  coal,  used  during  Tests  Nos.  44  and  45,  made  a 
very  light  feathery  ash,  much  of  which  was  carried  over  the  bridge 
walls  by  the  draught  through  the  fire  boxes  while  the  fires  were  being 
broken  and  cleaned. 

The  "water  supj^lied  to  the  boilers  "  (13)  rej^resents  the  water  by 
meter,  corrected  for  error,  and  reduced  to  weight  for  observed  tem- 
perature of  feed  water  (9).  The  "efficiency  of  the  steam"  (15)  is 
obtained  by  dividing  the  average  thermal  value  of  the  steam  by  calori- 
meter, by  the  total  heat  of  saturated  steam  at  the  observed  pressure. 
This  takes  into  account  the  heat  in  the  entrained  water  as  well  as 
that  in  the  saturated  steam,  and  credits  the  coal  with  the  whole  work 
done  by  the  boilers;  and  since  these  tests  were  for  relative  coal  effects, 
and  not  boiler  effects,  it  seemed  to  the  author  entirely  proper  to  credit 
each  coal  with  the  whole  heat  accounted  for  by  the  steam  calorimeters. 

The  "  net  water  converted  into  steam  "  (16)  is  the  "  water  supplied 
to  boilers  "  (13)  multiplied  by  the  "  efficiency  of  the  steam  "  (15).  As 
the  efficiency  recognizes  a  small  amount  of  heat  in  the  "water  en- 
trained in  the  steam  "  (14),  the  term  "net  water  converted  into  steam  " 
is  therefore  not  strictly  correct. 

In  reducing  "steam  per  pound  of  coal"  (17)   or   "combustible" 
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(19)  from  "  temperatiire  of  feed,"  to  "steam  per  pound  of  coal"  (18), 
or  "combustible"  (20),  "from  and  at  212°  Fahr.,"  the  divisor  996 
instead  of  965. 7  was  used.  The  remaining  captions  will  require  no 
exi^lauation. 

While  the  physical  results  from  the  different  coals  are  properly 
comparable  with  each  other,  they  are  not  comparable  with  the  results 
obtained  from  the  same  coals  under  other  conditions  of  boilers,  fur- 
nace, firemen,  etc.  (This  remark,  of  course,  does  not  apply  to  the 
proximate  chemical  analyses  and  determinations  of  thermal  value, 
which  will  be  referred  to  hereafter.) 

The  evaporative  results  from  and  at  212°  Fahr.  of  Test  No.  50  (Table 
No.  9),  and  Tests  Nos.  51  to  55,  inclusive  (Table  No.  10),  have  been 
corrected  to  agree  with  the  data  of  Table  No.  4,  to  correspond  with  the 
first  forty-nine  tests,  all  of  which  were  made  prior  to  the  careful  scal- 
ing of  the  boilers. 
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The  relative  efficiency  of  tlie  several  coals,  on  coal  (23),  and  on 
combustible  (24)  are  based  upon  the  highest  evaporation  obtained  dur- 
ing the  tests  per  j^ound  of  coal  or  combustible  from  and  at  212=^  Fahr. 
as  standards,  and  the  factors  for  multiplying  the  prices  at  which  the 
several  coals  may  be  offered  are,  of  course,  the  reciprocals  of  these 
efficiencies.  Thus,  if  the  coals  mentioned  in  Table  No.  12  were  off'ered 
at  the  prices  per  ton  annexed,  then  column  3  contains  the  deduced 
prices,  obtained  in  the  manner  described. 

TABLE  No.  12. 


Kind  of  coal. 

Dealers'  price 
per  ton. 

Deduced  price 

for  comparison 

of  bids. 

$l.fiO 
1.75 
1.60 

$1.82 

2.10 

Pittsburg,  Woods,  Fourtli  Pool,  Mine  Run                 .   . 

1.83 

1  90 

1.73 

WeUston  Shaft,  Mine  Run 

2.41 

Upon  these  prices.  New  Eiver  coal  would  be  offered  at  the  lowest 
cost  to  the  steam  user. 

The  reciijrocals  of  the  efficiencies  based  on  coal  also  show  how 
much  more  than  the  standard  will  be  required  of  any  of  the  coals 
tested  to  do  a  given  amount  of  work. 

The  economic  and  capacity  results  of  the  Pennsylvania  coals  are 
shown  in  Table  No.  13. 

The  relative  values  of  the  grades  of  Second  Pool  coal  noted  in  the 
table,  from  the  dealers'  jjoint  of  view,  are  about  as  follows: 

Lump 100 

Barge  Eun 90-95 

Mine  Eun 80-90 

Nut  and  Slack 70-80 

The  grades  of  coal  show  diff'erences  in  value  to  the  buyer  or  steam 
user  as  follows: 

Lump  100 .  00 

Barge  Eun 100 .  67 

Mine  Eun 93 .  56 

Nut  and  Slack 93  72 
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TABLE   No.    13. — Economic  and   Capacity   Eestilts  with   Pennsyl- 
vania Coals. 


Kind  of  coal. 

Steam  from  and 
AT  212°  Fahr. 

Steam 

per 
square 
foot  of 
heating 
surface 
per  hour. 

Pounds. 

Coal  per 
square 

1 

3 

a 

Per 
pound 
of  coal. 

Pounds. 

Per 
pound 
of  com- 
bustible. 

Pounds. 

grate 
surface 
per  hour. 

Pounds. 

13.. 
15.. 
14.. 
16.. 

5.. 
6.. 

8'.'. 

17.. 
18.. 

9.. 
10.. 
11.. 
12.. 

Pittsburg,  Brown,  Second  Pool,  Lump 

Barge  Run.. 

Mine  Run... 

"                "                "             Nut       and 

Slack 

Pittsburg,  Catsburg,  Third  Pool,  Lump 

"                  "                    "           Barge  Run 

"                  "                    "           Mine  Run. 

Nut    and 

Slack.... 

Pittsburg,  Cincinnati,  Third  Pool,  Mine  Run 

Nut     and 

Slack.... 

Pittsbm-g,  Woods,  Fourth  Pool,  Lump 

Barge  Run. 

"                  "                  •'           Mine  Run.. 

Nut      and 

Slack.... 

9.004 
9.064 
8.424 

8.439 
9.227 
8.790 
8.521 

8.227 
8.673 

8.672 
8.735 
8.519 

8.452 

9.537 
9.642 
9.251 

9.241 
9.868 
9.459 
9.364 

9.143 
9.237 

9.344 
9.648 

91903 

9.426 

5.397 
5.398 
5.358 

5.413 
5.317 
5.419 
5.391 

5.334 

5.391 
5.375 
5.398 
5.407 

5.377 

17.408 
17.297 
18.484 

18.666 
16.783 
17.960 
18.426 

18.839 
17.990 

18.061 
17.875 
18.432 
17.593 

18.468 

With  tliis  coal  it  ajipeared  tliat  there  was  no  superiority  of  Lump 
over  Barge  Hun  coal,  while  Mine  Eun  and  Nut  and  Slack  were  less  than 
61%  inferior  in  economy  to  Lump  coal;  and  Nut  and  Slack  coal  for 
steam  purposes,  at  the  prices  usually  asked,  was  superior  to  Lump  coal 
by  26.20%";  or  while  one  dollar's  worth  of  Second  Pool,  Lump  coal  fur- 
nished 10  290  lbs.  of  steam,  one  dollar's  worth  of  Nut  and  Slack  coal 
furnished  12  983  lbs.  of  steam,  and  one  dollar's  worth  of  Mine  Eun  coal 
furnished  11  232  lbs.  of  steam. 

The  Third  Pool  coals,  for  the  different  grades,  have  the  following 
relative  mean  values: 

Lump 100.00 

Barge  Eun 92.35 

Mine  Eun 93. 17 

Nut  and  Slack 92.12 

The  Fourth  Pool  coals  have  the  following  values  for  the  different 
grades : 

Lump 100.00 

Barge  Eun 97.53 

Mine  Eun 102.27 

Nut  and  Slack 96.76 
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TABLE  No.  14. — Economic  and  Capacity  Eesults  with  West 
Virginia  Coaxs. 


Test 

No. 


Steam  from  and 
AT  212°  Fahr. 


pound  of  P-t,f 


coaL 
Pounds. 


combus- 
tible. 
Pounds. 


Steam 

per 
square 
foot  of 
heating 
surface 
per  hour. 
Pounds. 


Coal  per 

square 

foot 

of  grate 
surface 

per  hour. 

Pounds. 


New  Rivei,  Lump 

"  Lump 

"  Mine  Run 

"  Mine  Run 

Loup  Creek,  Lump* 

"  Mine  Runt 

Slack* 

jPocahontas,  Lump 

"  Mine  Run 

Kanawha,  Steam  Lump 

' '         Gas  Lump 

Acme,  Mine  Run 

Nut  and  Slack 

Keystone,  Mine  Run 

Wmif rede.  Lump 

"  Mine  Run 

'■  Nut  and  Slack 

Thacker,  Lump 

'•  Mine  Run 

"  Mine  Run 

Nut  and  Slack 

Logan  Consolidated.  Thacker,  Mine  Run. 

Maritime,  Thacker,  Mine  Run 

Campbell's  Creek,  Mine  Run 

Nut  and  Slack 

Monongah,  Mine  Run 

Eagle.  Mine  Run 

Cedar  Grove.  Mine  Run 

Mount  Carbon.  Mine  Run 

Chesapeake,  Mine  Run 

Coalburg,  Mme  Run 

Belmont  Splint,  Mine  Run 

"  "        Nut  and  Slack 


9.186 
9.707 
9.834 
9.572 
10.215 
8.759 
8.776 
9.958 
9.423 
9.280 

9!  566 
9.066 
8.818 
9.211 
8.591 
8.341 
9.464 
9.392 
9.521 
9.040 
9.158 
9.264 
8.924 


9.044 
9.365 
8.920 
8.816 
8.742 
8.730 


9.879 
10.143 
10.771 
10.005 
10.6.33 
9.130 
9.216 
10.603 
10.133 
9.943 
9.854 
10.185 


9.908 
9.110 
9.583 
10.011 
10.132 
10.129 
10.124 
9.804 
9.679 
9.659 


9.874 
9.841 
9.576 


5.400 
5.833 
5.319 
5.477 
5.567 
5.434 
5.216 
5.353 

5!  3.35 
5.. 340 
5.454 
5.499 
5.472 
5.398 
5.369 
5.486 
5.441 

5!  482 
5.460 
5.341 
5.453 
5.466 
5.364 
5.423 
5.203 
5.177 
5.152 
5.122 
5.062 
5.488 
5.438 


17.149 
15.590 
15.794 
16.811 
15.837 
18.048 
17.272 
15.645 
16.247 
16.914 
18.263 
16.613 

i8;ii8 

17.041 
18.181 
19.144 
10.756 
17.329 
16.677 
17.533 
16.944 
17.137 
17.812 
19.744 
17.679 
16.667 
16.052 
16.802 
16.942 

181278 
19.437 


*  From  the  MacDonald  Mine. 
+  From  the  Dunn  Loup  Mine. 


An  examination  of  tliese  figures  shows  two  things: 
First. — That  the  opinion  hitherto  generally  accepted  as  to  Second 
Pool,  Monongahela  River  coal  being  markedly  superior  to  the  coals 
obtained  from  the  newer  Pittsburg  mines  farther  iip  the  river,  is  not 
sustained  by  the  results  of  these  tests. 

*5eco?u/.  —  That  the  prices  usually  asked  for  the  higher  grades  of 
these  coals  are  not  warranted  for  steam  purposes;  that  Mine  Run  and 
Nut  and  Slack  coals  are  by  far  the  most  economical  coals,  and  that  they 
can  be  sold  upon  narrower  discounts  from  Lumji  coal  prices  and  still 
be  the  most  profitable  to  buyers  of  steam  coals. 
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Keferring  briefly  to  the  economic  results  per  poimd  of  combustible, 
it  will  be  noticed  that  there  is  greater  uniformity  among  all  these  coals 
in  the  steam  per  pound  of  combustible,  without  regard  to  the  mines  or 
grades,  than  in  the  steam  per  pound  of  coal,  and  this  naturally  is 
due  to  the  fact  that  the  lower  grades  contain  just  as  good  coal  as  Lump, 
but  carry  more  waste  matter  from  the  slate  and  stone  loosened  in  min- 
ing from  the  roof  and  floor  of  the  galleries,  which  in  Lump  coal  is  jare- 
sumed  to  be  removed  when  it  is  run  over  the  screen  at  the  mouth  of  the 
mine,  and  by  the  use  of  finer  screens  often  goes  into  the  cargoes  of 
low-grade  coals,  and  is  purchased  as  so  much  coal  by  the  buyer. 
Assuming  no  more  non-combustible  matter  in  the  Mine  Run  than  in 
the  Lump  coal,  such  coal  for  steam  piirposes  should  always  be  equal 
to  Lump,  provided  the  grates  upon  which  it  is  burned  are  suitable  to 
retain  the  smaller  and  finer  particles  until  coking  occurs,  or  in  the 
non-coking  coals,  until  combustion  is  completed. 

A  review  of  the  Pittsburg  coals  indicates  that  they  should  be  rated 
as  of  equal  quality,  whether  obtained  from  the  older  mines  in  the 
Second  Pool  or  from  the  newer  mines  in  the  Fourth  Pool. 

The  economic  and  capacity  results  of  the  West  Virginia  coals  are 
shown  in  Table  No.  14. 

The  economic  and  capacity  results  of  the  Ohio,  Kentucky  and 
Tennessee  coals  are  shown  in  Table  No.  15. 


TABLE  No.  15. 


-Economic  and  Capacity   Results  with  Ohio,  Ken- 
tucky AND  Tennessee  Coals. 


Test 
No. 


Per  pound 
of  coal. 


Pounds. 


Per  pound 
of  combus- 
tible. 
Pounds. 


Steam  per      Coal  per 
square  foot !  square  foot 
of  heating  i    of  grate 
surface  per  [surface  per 
hour.        !      hour. 

Pounds.     ;     Pounds. 


Ohio  Coals. 
41     ILuhrig,  Washed  Egg I        7.830 

43  i  Luhrig,  Washed  Slack 7 .  275 

44  iWellston  Shaft,  Mine  Run 8.053 

45  IWeUston  Shaft,  Nut  and  Slack. .  |        7.570 


47    I  Jellico,  Mine  Run 

40    I  Jellico,  Nut  and  Slack . 


48    I, 


Jellico,  Mine  Run. 


Kentucky  Coals. 
....I        9  115        I 
....i        7.779        I 

Te.nnessee  Coal. 
....I        8.719        I 


8.404 
7.667 


9.431 

8.695 


5.373 
5.304 
5.321 
5.274 


5.485 
5.340 


20.037 
21.186 
19.209 
20.265 


503 
.991 


17.5C 
I        19.9? 

I        18.255 
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A  hasty  glance  at  the  table  of  economic  results  obtained  with  the 
West  Virginia  coals  will  show  that  nearly  all  the  samples  should  be 
ranked  higher  than  the  Pittsburg  coals.  Thus  the  average  weight  of 
steam  per  pound  of  coal  for  all  the  Pittsburg  coals  was  8.69  lbs.,  an 
economy  which  is  reached  or  excelled  by  all  except  five  samples  of 
"West  Virginia  coals.  Heretofore,  in  the  western  river  markets,  Pitts- 
burg coal  from  the  Second  Pool  has  been  the  accepted  standard,  and 
for  years  prices  and  guarantees  have  been  based  on  this  coal. 

Considering  Pittsburg  coal  as  the  standard  for  steam  purposes  in 
the  western  river  markets,  all  but  five  of  the  West  Virginia  coals  ex- 
ceed the  average  of  the  Pittsburg  coals  in  steam  per  pound  of  coal  and 
per  pound  of  combustible.  Belmont  Splint,  Winifrede,  Campbell's 
Creek,  Kanawha  Gas,  and  the  Loup  Creek  low-grade  coals  are  the  only 
kinds  or  grades  that  fall  below  the  Pittsburg  coals.  Of  the  West  Vir- 
ginia coals,  several,  like  New  River,  Pocahontas,  Loup  Creek  (from  the 
MacDonald  Mine),  Acme,  Thacker,  Cedar  Grove  and  Kanawha  Steam, 
are  peculiarly  of  good  quality. 

Grouping  the  West  Virginia  coals  in  two  classes,  of  which  the 
first  contains  coals  distinctly  superior  to  Pittsburg,  and  the  second  all 
other  coals  tested,  the  average  performance  for  the  coals  of  each  of 
these  classes  is  shown  in  Table  No.  16. 

TABLE  No.  16. 


Steam  from  and  at  212=  Fahr. 

Samples  of  coals. 

Per  pound  of  coal. 
Pounds. 

Per  pound  of  com- 
bustible.    Pounds. 

9.51 
8.76 

9.46 

First-class,  West  Virginia  coals: 

New    River.     Loup    Creek    (MacDonald 

Mine),    Pocahontas,    Kanawha    Steam, 

Acme,  Thacker,  and  Cedar  Grove  coals 

10.16 

Second-class,  West  VirKinia  coals: 
Loup  Creek  (Dunn  Loup  Mine),  Kanawha 
Gas,  Keystone,  Winifrede,  Logan  Con- 
solidated   Thacker,  Maritime  Thacker, 
Campbell's    Creek,    Monongah,    Eagle, 
Mt.  Carbon,  Chesapeake,  Coalburg  and 

9.49 

By  referring  to  the  proximate  analyses  and  calorific  tests  of  the 
seven  coals  grouped  in  the  first  class,  it  will  be  noticed  that  the  com- 
position of  the  combustible  matter  varies  widely,  while  the  heating 
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powers  of  combustible  and  practical  performance  are  suflSciently  near 
together  to  suggest  coals  of  like  character. 


TABLE  JSo. 

17. 

Sample  of  coal. 

B.  T.  U. 
per  pound  of 
combustible. 

Steam  per  pound 

of  combustible 

(averages). 

15  757 
15  336 
15  456 
15  653 
15  589 
15  554 
15  422 

10.20 

10.63 

Pocahontas                       .              

10.37 

9.94 

10.06 

Tiiacker 

10.10 

9.84 

From  the  proximate  analyses  of  these  coals,  the  averages  of  fixed 
carbon  and  volatile  matter  are  as  follows: 


Sample  of  coal. 

New  River,  Loup  Creek  and  Pocahontas 

Kanawha  Steam,  Acme  and  Thackei- 

Cedar  Grove 


Fixed  carbon.         Volatile  matter. 


78.77  18.85 

61.72  31.37 


Eef erring  to  the  Ohio,  Kentucky  and  Tennessee  coals  tested,  it  is 
apparent  that  for  steam  purposes  these  coals  are  not  equal  to  the 
"West  Virginia  and  Pittsburg  coals.  (An  exception  should  be  made  of 
the  Jellico,  Ky.,  coal,  which  compares  favorably  with  the  second- 
class  West  Virginia  coals.) 

The  diagrams  (Figs.  3  to  6,  inclusive)  show  the  relation  of  the  dif- 
ferent coals  of  each  group  and  grade.  The  vertical  scale  represents 
pounds,  and  the  horizontal  scale  the  different  coals.  The  solid  circles 
connected  by  lines  at  the  top  of  the  diagrams  indicate  (to  scale)  the 
average  weights  of  coal  samples  burned  per  square  foot  of  grate  sur- 
face per  hour.  The  second  series  of  circles  connected  by  lines  indi- 
cates the  steam  per  poimd  of  combiistible;  and  the  third  series  of 
circles  connected  by  lines  indicates  the  steam  per  pound  of  coal, 
both  from  and  at  212'='  Fahr.  The  lower  solid  circles  and  lines  indi- 
cate the  steam  in  pounds  per  square  foot  of  heating  surface  per  hour. 
The  reasonable  uniformity  of  the  work  done  during  each  test  by  all 
coals  will  be  noticed  upon  reference  to  the  several  diagrams. 

It  is  quite  possible  that  the  boilers  used  in  these  tests  were  not  the 
best  for  all  the  coals  tested,  and  that  some  kinds  and  grades  of  coal 
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suffered  accordingly;  but  that  is  a  condition  which  perhaps  will 
always  be  found  true,  for  no  form  of  boiler  and  fvirnace  can  be  equally 
well  adapted  to  every  variety  of  bituminous  coal,  nor  could  changes 
be  made  in  the  boiler  and  furnace,  and  in  the  mode  of  firing,  for  dif- 
ferent kinds  of  coal,  without  raising  a  suspicion  in  the  investigator's 
mind  that  by  so  doing  he  would  be  favoring  one  coal  at  the  expense 
of  another. 

The  Galloway  boilers  have  elsewhere  been  reported  upon  very 
favorably  when  worked  with  bituminous  coal,  results  being  attributed 
to  them,  with  what  the  author  finds  to  be  inferior  coals,  which  con- 
siderably exceed  the  performance  of  any  coal  tested  during  this  in- 
vestigation, but  doubtless  such  results  were  obtained  under  conditions 
which  cannot  be  had  in  the  daily  operation  of  steam  boilers  with  ordi- 
nary firemen. 

These  boilers  were  originally  set  with  960  sq.  ft.  of  heating  surface 
and  199  sq.  ft.  of  super-heating  surface,  a  total  combined  heating  and 
■  super-heating  surface  of  1  159  sq.  ft.  for  each  boiler.  The  grate  sur- 
face, of  course,  was  the  same  as  during  the  author's  trials,  but  the 
chimney  was  originally  150  ft.  high  and  of  the  same  section  as  during 
the  later  tests.  The  report  of  the  contract  trial  upon  which  the 
boilers  were  accepted  by  the  city  contains  the  following  data: 

Date  of  trial May,  1889. 

Duration  of  trial 10  hrs. 

Steam  j^ressure,  by  gauge 92.80  lbs. 

Temperature  of  feed  water 193.70°  Fahr. 

Temperature   of    waste   gases  in    flue   leading   to 

chimney* 700°  +  Fahr. 

Dry  coal  consumed 6  911. 00  lbs. 

Super-heat,   expressed  as  percentage  gain  of  heat  units 

above  saturated  steam  (no  data  given) 11.03^ 

Total  steam  from  and  at  212°  Fahr 76  377.00  lbs. 

Steam  per  pound  of  dry  coal  from  and  at  212°  Fahr.  .  .11.05  lbs. 

The  coal  for  the  contract  trial  is  stated  as  Pittsburg  Nut,  contain- 
ing U.3%  of  ash,  etc.,  and  over  S^%  of  moisture.     These  percentages 
are  much  larger  than  found  by  the  author  for  any  kind  or  grade  of 
Pittsburg  coal.     The  coal  was  burned  at  the  rate  of  19.05  lbs.  per  square 
*  Obtained  by  melting  zinc. 
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foot  of  grate  surface  per  hour,  and  steam  was  made  at  the  rate  of  8.03 
lbs.  from  and  at  212°  Fahr.  per  square  foot  of  water-heating  surface 
per  hour.  The  principal  differences  between  the  conditions  for  the 
contract  trial,  and  those  for  the  coal  tests  by  the  author,  were  in  the 
setting  of  the  boilers  and  in  the  height  of  the  chimney,  with  the  com- 
plete loss  of  sujjer-heating  surface  for  the  later  trials,  which  ajjpar- 
ently  alone  made  the  efficiency  of  the  steam  11. TS^"  better  for  this 
earlier  trial. 

The  author  has  no  record  of  the  methods  piirsued,  and  no  means  of 
checking  the  results  of  the  contract  trial,  but  it  would  be  interesting 
to  know  how  the  very  high  percentage  of  super-heat  was  obtained  with 
a  boiler  setting  which  within  his  experience  has  seldom  shown  above  a 
few  degrees  of  super-heat,  and  generally  is  expected  by  the  builders 
only  to  secure  dry  steam,  and  further, how  the  largely  increased  capacity 
was  obtained.  During  the  author's  tests  ^he  boilers  were  supposed  to 
be  doing  the  best  possible  work,  with  an  economic  rate  of  coal  con- 
sumption per  square  foot  of  grate  surface  per  hour.  If  there  was  error 
in  reporting  the  contract  trial,  it  would  seem  to  be  either  in  the  weight 
of  water  credited  to  the  boiler,  or  in  the  quality  of  steam  made,  or  both. 
The  rate  of  coal  consumption  compares  fairly  well  with  the  rates  used 
during  the  author's  coal  tests. 

In  all  instances  the  coals  were  used  with  care,  and  the  furnace 
conditions  were  such  as,  in  the  author's  opinion,  would  give  the  coal 
under  trial  a  fair  rating.  One  circumstance,  however,  seemed  to 
militate  against  all  coals,  /.  e.,  the  very  high  temperature  of  the 
chimney  gases,  which  suggested  at  times  that  the  coals  were  being 
burned  at  too  high  a  rate  per  unit  of  grate  surface,  or  that  the  ratio  of 
grate  and  heating  surface  was  not  well  proportioned.  The  higher  tem- 
l^eratures  of  hot  gas  were  obtained  daring  the  earlier  tests,  and  this 
was  then  thought  to  have  been  due  to  the  fireman's  lack  of  ijrevious  ex- 
jjerience  with  these  boilers,  but  singularly  enough  some  of  the  high 
temperatures  in  the  chimney  were  accompanied  by  better  economies 
than  when  the  same  coals  were  tried  with  lower  temperatures  of  waste 
gases.  By  referring  to  the  abstract  from  the  reported  results  of  the 
contract  trial,  it  seems  that  the  waste  gases  entered  the  chimney  then 
at  a  very  high  temperature,  notwithstanding  the  unusual  economic  re- 
sults obtained. 

During  the  first  22  tests  there  was  no  regulation  of  the  flow  of  air  to 
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the  ash-pits,  and  comparison  of  coals  of  like  kinds  tried  before  and  after 
the  quantity  of  air  to  the  ash-pits  was  placed  under  control,  indicates 
in  one  example  a  gain,  and  in  the  other  a  slight  loss  by  the  change. 

TABLE  No.  18. — Compaeison   of  Coais  tkied  befoke  and  after 
Reguxation  of  Air  to  Ashpits. 


Kind  of  coal. 

Steam  from  and  at  212°  Fahr. 

Temperature 

of  waste 

gases. 

Fahi-. 

Test- 
Number. 

Per  pound  of 

coal. 

Pounds. 

Per  pound  of 

combustible. 

Pounds. 

1 

9.834 
8.759 

9.572 
9.186 
9.707 
10.215 

10.771 
9.130 

10.005 
9.879 
10.143 
10.633 

631.3 

20 

31 
35 

Loup  Creek,  Mine  Run 

New  Ri%'er.  Mine  Run 

New  River,  Lump. 

718.8 

521.7 
622.6 

49 

27 

New  River,  Lump 

Loup  Creeli,  Lump 

606.5 
637.6 

CAiOEIMETEIC   DETERMINATIONS   OF    HeATING    PoWEE   OF   CoALS. 

Before  proceeding  to  this  branch  of  the  investigation,  careful  study 
"was  made  of  several  modern  forms  of  coal  calorimeter,  and,  after 
•weighing  the  advantages  and  disadvantages  of  each,  the  author  de- 
cided to  use  the  instrument  devised  by  Professor  R.  C.  Carpenter,  of 
Cornell  University,  the  accuracy  of  which,  after  observing  due  pre- 
cautions in  its  use,  deiaends  upon  the  assumption  that  equal  incre- 
ments of  heat  produce  corresponding  dilatations  of  the  water  in  the 
instrument,  and  that  the  heat  value  for  pure  carbon  has  been  de- 
termined. The  instrument  was  accompanied  by  a  diagram,  which 
gave  the  manufacturer's  calibration  and  value  for  each  inch  of  rise  on 
the  scale. 

By  burning  in  the  instrument  successive  weights  of  jDure  carbon, 
obtained  by  coking  recrystallized  sugar,  the  value  in  heat  units  of 
1  in.  on  the  scale  of  the  water  column  was  obtained,  and  by  multiply- 
ing this  by  the  rise  in  inches  and  dividing  by  the  weight  of  fuel 
burned  in  fractions  of  a  pound,  the  heat  units  per  pound  of  coal  or 
coke  sample  were  obtained.  The  construction  and  use  of  this  form 
of  coal  calorimeter  is  fully  described  in  a  paper  by  Professor  Car- 
penter. * 

*  Transactions,  A.  S.  M.  E.,  Vol.  xvi,  1895. 
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Tlie  value  of  pure  carbon  burning  without  a  residue,  as  determined 
by  Berthelot,  is  14  652  B.  T.  U.  per  pound,*  while  two  samples  of 
pure  carbon,  burning  without  a  residue  in  the  crucible,  gave  during 
the  author's  tests  a  mean  of  14  646  when  measured  on  the  heat  scale 
supplied  with  the  Carpenter  instrument. 

The  preliminary  tests  with  coke  from  sugar  were  carefully  repeated 
with  trifling  variations  in  the  results,  and,  accepting  the  value  of  pure 
carbon  as  determined  by  Berthelot,  then  1  in.  rise  of  the  water  column 
equals  7.15  B.  T.  U. ;  i.  e.,  this  amount  of  heat  added  to  the  w-ater  in 
the  instrument  caiised  the  column  in  the  glass  tube  to  rise  1  in. 
Generally,  1.5  grams  of  coal  were  burned  in  the  calorimeter,  biit  as  a 
check  on  the  work  1  gram  and  2  grams  were  sometimes  used. 

The  sample  of  coal  for  the  calorimeter  w^as  weighed  on  an  analyti- 
cal balance,  turning  to  xo  mgr. ,  in  thin  asbestos  crucibles  about 
I  in.  in  diameter  and  f  in.  deep.  These  crucibles  were  subjected  to 
prolonged  heat  over  a  Bunsen  burner  to  remove  any  combustible 
matter,  and  cooled  to  room  temjjerature  in  a  desiccator  before  each 
determination. 

Sample  determinations  with  this  calorimeter  are  given  below: 

Pure  Carbon  from  Sta/ar. — 1.5  grams.     Scale  reading  6.74  ins. 

Harvey  Foundry  Coke. — 1.411  grams.     Scale  reading  6.15  ins. 

B.T.XJ.=<'J1|H5  =  13  871 
New  River,  Mine  Run,  Coal. — 1.5  grams.     Scale  reading  7.02  ins. 

The  Carpenter  instrument,  which  is  an  improved  form  of  the  earlier 
Thompson  Gas  Calorimeter,  is  really  a  very  large  thermometer;  the 
fuel  being  burned  in  the  bulb,  and  all  heat  being  absorbed  by  the 
fluid  or  lost  by  radiation.  Combustion  takes  place  in  the  presence  of 
pure  oxygen  under  a  pressure  of  9  ins.  of  water.  The  heat  absorbed 
is  accounted  for  by  the  expansion  of  the  fliaid  in  the  vertical  glass  tube, 
while  that  lost  by  radiation  is  measured  by  the  contraction  of  the 
column  of  fluid  during  an  interval  of  time  equal  to  the  time  required 
for  the  combustion  of  the  coal  sample.  The  expansion  and  contrac- 
tion are  measured  in  inches  on  a  vertical  scale  jjlaced  behind  the  glass 

*Stillman's  ••Engineering  Chemistry,"  1897,  p.  120;  Poole's  "Calorific  Power  of 
Fuels,"  1898,  p.  13. 
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tube.     The  bulb  of  the  iustrumeut  contained  slightly  less  than  5  lbs. 
of  water  at  00°  Fahr. 

The  precautions  to  be  observed  in  the  use  of  this  calorimeter  are 
few  and  easily  complied  with : 

First. — Distilled  water,  absolutely  free  from  air,  shotild  be  used. 
This  the  author  obtained  by  first  gently  boiling  the  water  in  a  separate 
vessel  placed  over  a  Bunsen  gas-burner,  and  then  introdu.eing  it  at 
high  temperature  into  the  calorimeter  bulb.  While  cooling  to  nearly 
room  temperature  the  bulb  was  so  held  as  to  cause  any  air  which  might 
have  been  trapped  while  filling,  to  seek  the  stuflSng-box  as  an  outlet. 
To  prevent  reabsorption  of  air  from  the  atmosphere  while  working  with 
the  calorimeter,  a  column  of  coal  oil  1^  ins.  high  was  run  into  the  glass 
tube  on  top  of  the  water. 

Second. — At  the  beginning  of  each  experiment,  the  temperature  of 
the  calorimeter  and  water  must  be  sensibly  higher  than  room  temjiera- 
ture  to  avoid  transfer  of  heat  from  the  atmosphere  to  the  water,  and  the 
instrument  must  be  rigidly  protected  from  all  drafts  in  the  room  while 
the  experiment  is  being  conducted. 

Third. — The  exit  orifice  for  the  waste  gases  must  be  kept  clear  of 
all  residual  matters  which  may  come  over  and  be  deposited  from  them. 
With  perfect  combustion  there  should  be  no  residuals  in  the  waste 
gases;  but  it  is  essential  to  good  work  with  this  instrument  that  the  gas 
orifice  be  frequently  opened  with  a  fine  brass  wire,  for,  with  continued 
use,  in  some  manner  this  very  small  opening  (about  the  size  of  a  fine 
cambric  needle)  becomes  clogged.  (It  is  possible  that  the  sulphuric 
acid  in  the  waste  gases  may  have  a  corrosive  eftect  on  the  metal  sur- 
rounding the  exit  orifice,  with  formation  of  sulphate  of  copper.) 

Fourth. — The  time  required  to  burn  the  sample  of  coal  should  be 
noted  to  seconds,  and  the  same  length  of  time  allowed  for  loss  of  heat 
by  radiation  after  combustion. 

Many  preliminary  tests  with  this  instrument  on  foundry  coke  and 
jmre  carbon  indicated  an  accuracy  of  measurement  which  in  the  com- 
parative determination  of  the  heat  values  of  these  coals  should  be  all 
suflicient. 

In  Table  No.  19  are  given  the  averages  of  several  determinations  of 
the  calorific  values  in  B.  T.  U.  of  the  different  coals  subjected  to 
physical  tests,  together  with  a  comj^arison  of  the  ash  by  calorimeter, 
and  by  chemical  analysis : 
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TABLE  No.  19. — Heating    Power    of    Coals   in   British    Thermal 

Units. 


Test 
numbei-i: 


Heat  units 

per  pound 

ot  coal. 


Ash  by 
calorimeter. 


Ash  by 


13-14-15-16. 

5-6-T-8 

17-18 

9-10-11-12. . 


1-31-35-49.. 
1-31-35-49.. 
20-21-27. . . . 
20-21-27. . . . 


Pennsylvania  (Pittsburg)  Coals. 

Pittsburgh,  Brown.  Sscond  Pool i       13  .383 

Catsburg,  Third  Pool |       13  44() 


Cincinnati,  Thuxl  Pool. 
Woods,  Fourth  Pool . , . 


13  247 
13  316 


West  Virginia  Coals. 


22-26. 

2 

3 


34 

23-24-25.... 
28-30  37-50. 
42 


New  River  (old  sample) . . 

"  (new  sample) 

Loup  Creek  (old  sample) 

(new  sample) 

Pocahontas  (old  sample 

"  (newsample), . .. 
Kanawha,  Steam 

"         Gas 

Acme 

Keystone 

Winif  rede 

Thacker 

Logan  Consolidated  Thacker. 

Maritime  Thacker 

Campbell's  Creek 

MoDongah  

Eagle 

Cedar  Grove 

Mt.  Carbon 

Chesapeake 

Coalburg 

Belmont  Splint 


5.77 
5.46 
4.64 
5.66 


1.40 
2.87 
4.17 
1.20 
4.23 
1.57 
2.33 
1.33 
1.60 
9.73 
2.91 
5.88 
4.13 
5.20 
3.17 
3.04 
3.00 
3.97 
4,67 
3.93 
5.26 


3.75 
5.50 
4.05 
5.60 


1.45 
2.40 
2.15 
0.95 
4.00 
1.25 
2.10 
3.75 
2.10 
8.30 
2.85 
5.00 
3.85 
4,60 
2.90 
3.30 
2.60 
3.47 
4.-33 
3.27 
4.93 
1.20 


41-43. 


ILuhrig,  Washe: 


44-45 I  Wellston  Shaft. 


40-47 IJellico. 

48 IJellico. 


Kentucky  Coals. 


14  473      1  1.06  I 


Tennessee  Coal. 


6.90 
7.30 


0.85 
1.10 


The  ash,  both  by  calorimeter  aud  analysis,  is  a  mean  of  several  de- 
termiuations,  and,  when,  by  the  two  methods  of  examination,  the 
percentages  of  ash  fail  to  agree,  it  must  be  charged  to  lack  of  uni- 
formity in  the  samples.  This  variation  in  percentage  of  ash  in  coals 
from  the  same  source  is  well  known,*  and  indicates,  as  might  be  sup- 
posed, that  Nature  in  forming  the  coal  did  not  follow  exact  synthesis. 

Some  writers  have  recently  stated  the  thermal  values  of  certain 
coals  on  the  net  combustible,  leaving  out  of  consideration  the  ash  and 
moisture,  which  are  constant  constituents  of  all  c;oals  as  jsurchased  for 
use.  The  propriety  of  this,  excepting  for  comparison  of  effects  of 
different  combinations  of  carbon,  hydrogen  and  oxygen  in  the  coal, 
*  "  The  Calorific  Value  of  Certain  Coals,"  etc.,  by  Lord  and  Haas,  Loc.  cit.,  pp.  8  and  9. 
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may  be  questioned.  Thus,  when  the  constituents  of  the  combustible  are 
alike,  or  nearly  alike,  in  two  or  more  coals,  and  the  B.  T.  U.  are  sub- 
stantially difi'erent,  such  a  comparison  furnishes  very  interesting 
information;  but  when  the  thermal  values  agree  very  well  for  different 
coals  of  like  composition,  it  is  a  mistake  to  neglect  properties  which 
are  certain  to  be  found  in  all  coals  of  every  nature.  Neither  does  it 
furnish  information  of  value  to  the  consumer  of  coal,  who  is  compelled 
to  make  his  purchases  and  estimate  economy  with  the  ash  and  moisture 
included. 

In  connection  with  the  heat  values  of  the  coals  tested  by  the 
author.  Table  No.  20,  comparing  some  of  these  with  results  obtained 
by  other  investigators  on  the  same  coals,  may  be  of  interest.  In  this 
table  the  data  attributed  to  Professor  Carpenter  were  obtained  with 
an  instrument  of  the  same  kind  as  that  used  by  the  author.*  The 
data  credited  to  Mr.  Barrus  were  obtained  from  an  imj)roved  form 
and  mode  of  using  the  Thompson  calorimeter,  f  The  data  credited 
to  Professors  Lord  and  Haas  were  obtained  with  a  Mahler  bomb 
calorimeter,  j  while  those  credited  to  Messrs.  Hale  and  Williams  were 
obtained  with  a  bomb  calorimeter  of  the  Berthelot  type.| 

With  reference  to  the  samples  of  coal  tested  for  calorific  power  by 
the  author,  it  is  proper  to  state  that  all  the  samples  were  in  the  oflfice 
for  from  two  weeks  to  eight  months  previous  to  making  the  calorimetric 
determinations,  and  although  excluded  from  dust,  the  packages  were 
open  to  free  access  of  air,  and  some  of  the  volatile  matter  may  have  been 
lost  under  the  influence  of  room  temperature.  To  ascertain  the  probable 
effect  of  keeping  the  coals  under  this  condition,  tests  of  old  and  new 
samples  of  New  River,  Loup  Creek  and  Pocahontas  coals  were  made, 
with  the  result,  in  each  instance,  of  a  higher  calorific  power  in  the  new 
when  compared  with  the  old  samples.  Upon  the  contrary,  the  recent 
experiments  of  Messrs.  Hale  and  Williams,  Boston,  indicate  that  two 
of  the  coals  mentioned  (New  River  and  Pocahontas)  were  not  im- 
paired in  heating  power  by  exposure  or  weathering.  With  this  differ- 
ence, however,  that  exposure  in  the  author's  tests  was  limited  to  the 
air  circulating  in  a  room,  while  in  Messrs.  Hale  and  Williams'  ex- 
periments the  samples  of  coal  were  really  exposed  to  the  weather  for 
eleven  months. 

*  Transactions,  A.  S.  M.  E.,  Vol.  xvi,  1895. 
t  Transactions,  A.  S.  M.  E.,  Vol.  xiv,  1893. 
t  Transactions,  Am.  Inst.  Mining  Engrs.,  1S97. 
§  Transactions,  A.  S.  M.  E.,  Vol.  xx,  1899. 
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More  than  20  years  ago  tlie  author  made  some  experiments  under 
steam  boilers  with  weathered  and  freshly  mined  Pittsburg  coal,  with 
the  result  that  the  freshly  mined  coal  gave  the  higher  amount  of 
steam  per  pound  of  coal.  The  data  of  these  early  trials  not  having 
been  permanently  recorded,  the  percentage  of  gain  of  the  freshly 
mined  over  weathered  coal  cannot  now  be  stated,  but  the  difference  was 
quite  material. 

TABLE  No.  20.— CoMPAKisoN  or  Heat  Detekivunations. 


Kind  of  coal. 


Npw  River  ^     ^*  '^^^  (o^^)  ' 

NewKivei ^     15163(new)) 


Pittsburg . 


Luhrig  (Ohio) • . 

Wellsion  (Otiio) 

Hocking  Valley  (Ohio) . 


Heat  units 

per  pound  of 

coal. 


13  858 
I  14  455 
(  14  71.3 
(     15  222 

\     14  048  (old) 
j  15 133(new) 

15  094 
f  14  512 
i  14  906 
(  13  608 
i  14  603 

14  975 
14  526 

\  13  955 
I  14  020 
I  13  247 
I  13  316 
I  13  383 
I  13  446 
(  13  237 
(  13  977 

12  941 
f  13  414 
1  13  657 
I  13  963 
[  14  006 

12  960 

12  506 
f  11 885 
i     12  388 


Mode 

of 

Determination. 


Analysis. 
Calorimeter. 


Analysis. 
Calorimeter. 


Authority. 


G.  H.  Barrus. 
Hale  and  Williams. 

Author. 

R.  C.  Carpenter. 

Lord  and  Haas. 

G.  H.  Barrus. 

Hale  and  Williams. 

Author. 

Lord  and  Haas. 


Lord  and  Haas. 
G.  H.  Barrus. 

Hale  and  Williams. 

Author. 

Lord  and  Haas. 


Professor  Johnson  attempted  to  deduce  the  calorifie  values  of  the 
coals  which  came  under  his  observation  from  the  formulas  of  Des- 
pretz  and  Dulong*  (the  then  prevailing  expressions  for  the  total  heat- 
ing power  of  coal),  and  also  to  relate  the  total  heat  value  to  that  of 
pure  carbon  by  the  method  of  Berthier,  which  consists  in  reducing  the 
lead  from  litharge  by  combustion  of  a  known  weight  of  coal  in  a  cru- 
cible in  the  presence  of  an  excess  of  the  oxide  of  lead;   the  amount 

*"  Report  to  the  Navy  Department  of  the  United  States,  on  American  Coals,"  by  Pro- 
fessor Walter  R.  Johnson,  1843,  p.  500. 
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TABLE  No.  21. — C.\x,okimetek  Experiments  with  Harvey  Coke,  Gas 
Coke,  and  Pure  Carbon  from  RecrystalijIzed  Sugar. 


Sample. 

Weight  in 
grams. 

B.  T.  U. 
Per  pound 
of  com- 
bustible. 

1.885 
1.411 
1.418 
1.413 
0.943 
1.885 
0.944 

1.500 

1.500 
1.500 

13  641 

13  860 

11 

14  026 

11 

13  987 

11 

13  600 

1.1 

14  327 

11 

13  461 

13  000 

14  560 

14  732 

of  metallic  lead  found,  after  combustion,  as  a  button  in  tlie  crucible, 
being  weighed  and  related  to  the  weight  of  coal  consumed,  and  the 
total  calorific  poAver  of  the  combustible  obtained  by  proi:)ortion  from 
the  amounts  of  lead  reduced  by  the  given  combustible,  and  by  j^ure 
carbon. 

According  to  Berthier,  pure  carbon  is  capable  of  reducing  thirty- 
four  times  its  weight  of  lead*,  and  by  multiplying  the  weight  of  lead 
reduced  by  the  calorific  value  of  pure  carbon  divided  by  34,  the  ther- 
mal value  of  the  combustible  matter  in  any  given  coal  may  be  de- 
termined. Professor  Johnson  used  20  grains  (about  IJ  grams)  of 
powdered  coal  sample  for  his  litharge  tests.  Mr.  Emery  has  suggested 
that  this  test  of  Berthier  for  determination  of  the  heating  power  of 
coals  by  reason  of  its  simplicity  and  readiness  of  application  might  be 
revived  to  advantage.! 

Professor  Johnson  made  many  deductions  from  his  chemical  notes 
to  show  that  the  percentage  of  fixed  carbon  in  the  combustible  was  a 
direct  measure  of  the  heating  power,  and  that,  as  the  ratio  of  carbon  to 
volatile  matter  diminished,  the  calorific  power  of  the  coal  also  dimin- 
ished. While  this  is  generally  true,  it  is  now  well  known  that  the 
anthracite  coals,  high  in  fixed  carbon  and  low  in  volatile  matter,  are 
not  possessed  of  the  highest  heating  powers,  nor  have  they  shown  the 
high  efiiciency  of  the  smokeless  West  Virginia  or  the  Cumberland 
coals  when  submitted  to  physical  tests. 

*  Johnson's  Report,  p.  106. 
t  Loc.  cit.,  p.  30. 
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TABLE  No.  22.— CuMBERiiAND  Coals. 


George's  Creek 

"  (maximum) 

"  (minimum). 

N.  Y.  &M.  Mining  Co 

"  Coal  in  Store  "  (Mine)  — 

Atkinson  and  Templeman. 

Easby  and  Smith 

•John  Neff 

D.  &S.  Coal  Co 


B.  T.  U. 
per  pound 
of  com- 
bustible. 

How  determined. 

Authority. 

16  048 
15  958 
15  799 

Bomb  Calorimeter 

Analysis 

Hale  and  Williams,  1899. 

15  141 
14  085 
13  071 

Thompson  Calorimeter. 
Litharge  Test. . . . 

Barrus,  1893. 
Johnson,  1843. 

14  089 

13  954 

13  021 
13  237 

"        

13  395 

11 

It 

Upon  the  other  hand,  by  the  litharge  test,  Professor  Johnson  found 
for  Lackawanna  anthracite  coals  14432  B.  T.  U.  per  pound  of  combusti- 
ble, which  is  much  nearer  some  of  the  late  determinations  than  the  re- 
sults obtained  by  this  method  for  the  Cumberland  coals.  For  thirteen 
samples  of  anthracite  coal  tested  by  Professor  Carpenter*,  he  found 
with  his  calorimeter  for  Drif ton  coal  14  480  B.  T .  U.  per  pound  of  com- 
bustible, and  from  eleven  samples  of  anthracite  coal  tested  by  Mr.  Bar- 
rus,! he  found  for  an  unnamed  coal  14  508  B.  T.  U.  per  pound  of  com- 
bustible, results  quite  near  that  obtained  for  Lackawanna  coal  by  the 
Berthier  test  fifty-six  years  ago  by  Professor  Johnson.  Parallel  coals 
not  having  been  tested  during  the  earlier  and  later  trials,  better  com- 
parisons cannot  be  made,  but  from  the  limited  data  which  are  at  all 
comparable,  the  suggestion  arises  that  the  Berthier  method  may  be 
defective  when  applied  to  coals  high  in  volatile  matter,  possibly  by 
reason  of  incomplete  or  imjierfect  combustion  of  the  hydro-carbons. 
When  api^lied  to  carbons,  and  coals  high  in  carbon,  it  seems  that  the 
method  may  give  reliable  results. 


Physical  Efficiencies  of  the  Coals. 

The  relation  of  the  heat  accounted  for  in  the  steam  to  the  total 
heating  powers  of  the  several  coals  tested  is  given  in  Table  No.  23. 
The  difference  between  this  fraction  and  unity,  represents  the  losses  of 
heat  by  chimney  draft,  evaiJoration  of  moisture  in  the  atmosphere 
and  coal,   rendered   latent  in  the  gases  of  combustion,  and  the  heat 

*  Loc.  cit.,  p.  17. 
t  Loc.  cii.,  p.  7. 
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TABLE  No.  23. — Efficiencies  Obtained  Fkom  Vakious  Coals. 


Test 

Coal  sample. 

Efficiency  on 

Coal. 

Combustible. 

Pennsylvania  Coals. 

Pittsburg,  Brown,  Second  Pool,  Lump 

'■  •'  Barge  Run 

Mine  Run 

"  "  '•  Nut  and  Slack 

"  Catsburg,  Third  Pool,  Lump 

"  •'  "  Barge  Run 

"  "  Mine  Run 

"  "  •'  Nut  and  Slack.. 

"         .  Cmcinnati  "  Mine  Run 

"  "  "  Nut  and  Slack.. 

"  Woods,  Fourth  Pool,  Lump 

"  '•  Barge  Run 

'•  "  "  Mine  Run 

Nut  and  Slack.... 


West  Virginia  Coals. 


New  River,  Lump 

I  "  Lump 

'•  Mine  Run. . 

I  "  Mine  Run. . 

Loup  Creek,  Lump 

"  Mine  Run. 


Slack 

Pocahontas,  Lump 

"  Mine  Run 

Kanawha,  Steam  Lump 

"         Gas  Lump 

Acme,  Mine  Run 

"      Nut  and  Slack 

Keystone,  Mine  Run 

Winif  rede,  Lump 

"  Mine  Run 

Nut  and  Slack 

Thacker,  Lump 

Mine  Run 

Mine  Run 

Nut  and  Slack 

Logan  Consolidated  Thacker,  Mine  Run. 

Maritime  Thacker,  Mine  Run 

Campbell's  Creek,  Mine  Run 

"  Nut  and  Slack 

Monongah,  Mine  Run 

Eagle,  Mine  Run 

Cedar  (irove,  Mme  Run 

Mt.  Carbon,  Mine  Run 

Chesapeake,  Mine  Run 

Coalburg.  Mine  Run 

Belmont  Splint,  Mine  Run 

"  Nut  and  Slack 


.  |Luhrig,  Washed  Egg 

.1       "  "        Slack 

.  I Wellston  Shaft.  Mine  Run 

.  I  "  Nut  and  Slack. 


.  IJelHco,  Mine  Run. 


Kentucky  Coals. 


Nut  and  Slack. 


0.6500 

0.6406 

0.6542 

0.6477 

0.6081 

0.6214 

0.6091 

0.6207 

0.6629 

0.6658 

0.6315 

0.6383 

0.6122 

0.6318 

0.5910 

0.6169 

0.6325 

0.6357 

0.6324 

0.6431 

0.6337 

0.6557 

0.6180 

0.6406 

0.6480 

0.6731 

1        0.6131 

0.6406 

0.0019 

0.6056 

0.6361 

0.6218 

0.6444 

0.6603 

0.6272 

0.6134 

0.6589 

0.6698 

0.5650 

0.5751 

0.5661 

0.5805 

0.6357 

0.6627 

0.6015 

0.6333 

0.5912 

0.6136 

0.5.519 

0.6165 

0.6086 

0.6311 

0.5768 

0.6156 

0.6102 

0.6058 

0.6306 

0.6514 

0.5881 

0.5989 

0.5710 

0.6300 

0.6294 

0.6217 

0.6246 

0.6293 

0.63.32 

0.6291 

0.6012 

0.6288 

0.6210 

0.6327 

0.6.335 

0.62.30 

0.6079 

0.6.309 

0.5381 

0.5676 

0.6062 

0.6162 

0  6223 

0.6523 

0.6168 

0.6164 

0.6171 

0.6370 

0.6396 

0.6128 

0.6187 

0.6518 

0.6909 

0.6081 

0.6754 

0.5829 

0.5655 

0.5423 

0.5159 

0  6220 

0.5695 

0.5847 

0.5450 

0.6084 

0.6123 

0.5192 

0.5645 

Tennessee  Coal. 


IJellico,  Mine  Run. 
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losses  by  radiation  and  conduction.  Notes  sufficient  to  divide  up 
tbe  gross  loss  into  the  detailed  losses  were  not  taken,  nor  with  the 
object  which  these  tests  had  in  view  was  it  necessary,  because  the 
boiler,  furnace  and  chimney  conditions  were  alike  for  all  coals.  Excep- 
tions should  be  made  of  the  moisture  in  the  atmosphere,  for  which 
neither  coal  nor  boilers  should  be  held  responsible  ;  but  this,  in  the 
author's  previous  experience,  has  never  exceeded  1^%  of  the  total  heat 
of  combustion. 

Proximate  Analyses  of  Coals. 

The  notes  on  the  proximate  analyses  of  these  coals  (Table  No.  24) 
are  means  of  three  to  five  determinations  for  each  sample.  In  these 
tests  the  sample  of  powdered  coal  was  carefully  dried  at  105^  Cent,  for 
one  hour,  and  then  re-weighed  for  loss  by  moisture.  The  first  few 
samples  were  then  returned  to  the  gas  oven  for  fifteen  or  twenty  min- 
utes to  ascertain  if  the  additional  exposure  to  the  dry  heat  produced 
further  loss  of  weight  due  to  moisture.  The  early  tests  demon- 
strated that  one  hour  was  sufficient  to  expel  the  moisture  from  the 
samples,  and  all  the  after  determinations  were  made  upon  this  time 
of  exposure  to  dry  heat.  The  sample  in  the  covered  porcelain  crucible 
was  then  exiaosed  to  the  naked  flame  of  a  Bunsen  burner  until  it 
ceased  to  give  off  gas  at  the  edge  of  the  cover.  The  crucible,  without 
cooling,  was  then  held  over  a  blast  lamp  at  white  heat  for  three  min- 
utes, to  expel  the  small  amount  of  volatile  matter  which  remained 
after  the  gas  flame  was  extinguished.  The  crucible  and  contents  were 
then  cooled  in  a  desiccator  and  weighed  for  the  loss  of  weight  of 
sample  by  volatile  matter.  The  fixed  carbon  remaining  in  the  cruci- 
ble was  then  burned  to  constant  weight  in  a  current  of  oxygen  over  a 
Bunsen  burner,  after  which  operation  the  crucible  was  again  cooled  in 
the  desiccator  and  weighed  for  loss  due  to  the  fixed  carbon.  The 
difference  between  the  last  weighing  and  weight  of  crucible  rejare- 
sented  the  ash  or  non-combustible  in  the  sample.  No  determinations 
for  sulphur  in  the  combustible  or  phosphorus  in  the  ash  were  made, 
l^artly  because  of  lack  of  significance  of  these  elements  in  steam  coals, 
and  partly  for  lack  of  time,  the  city  officials  desiring  the  resume  of  the 
work  at  an  eai'ly  date  to  use  in  connection  with  the  annual  contract 
for  city  coals. 

The  samples  for  proximate  analysis  and  for  the  calorimetric  deter- 
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minations  were  obtained  by  the  customary  method  of  quartering  from 
several  pounds  to  the  small  weights  finally  used.  It  was  believed  that 
all  the  samples  excepting  the  fresh  samples  of  New  River  (I),  Pocahontas 
(26),  Loup  Creek  (27),  Eagle  (51),  Cedar  Grove  (52),  Mt.  Carbon  (53), 
Chesapeake  (54)  and  Coalburg  (55),  had  lost  in  volatile  matter  during 
the  interval  of  time  which  elapsed  between  the  collection  of  the  sample 
from  the  lot  of  test  coal  fired  under  the  boilers,  and  the  tests  for  mois- 
ture aud  combustible  matter,  and  for  heating  power;  but  careful  con- 
sideration of  the  proximate  analyses  of  the  old  and  new  samples  of  New 
River,  Loup  Creek  and  Pocahontas  coals,  suggest  that  this  may  not 
generally  have  been  true. 

TABLE  No.  24. — Proximate  Analyses  of  Coals  Tested. 


Sample  of  coal. 


Specific 
gravity. 


Volatile     Fixed 
matter,    carbon. 


Pennsylvania  Coals. 


Pittsburg,  Brown.  Second  Pool 

Catsburg,  Third  Pool. . . 
Cincinnati,  Third  Pool. 
Woods,  Fourth  Pool . . . . 


1.317 

i.ir 

1.291 

0.7t) 

1.395 

0.98 

1.293 

0.(35 

New  River  (old  sample) . . . 

"  (new  sample).. 

Loup  Creek  (old  sample) . . 

"  (new  sample). 

Pocahontas  (old  sample).. 

'■  (new  sample).. 
Kanawha,  Steam 


Acme 

Keystone , 

Winif  rede 

Thacker 

Logan  Consolidated  Thacker 

Maritime  Thacker 

Campbell's  Creek 

Monongah 

Eagle 

Cedar  Grove , 

Mt.  Carbon , 

Chesapeake 

Coalbu  rg 

Belmont  Splint 


Luhrig,  Washed. 
Wellston,  Shaft. , 


West  Virginia  Coals. 

.270 
.270 
.275 
.275 
.277 
.277 
.277 
.261 
,27.3 
,3'>6 


Ohio  Coals. 

I      1.30(5    1 

I       1.293     I 


Kentucky  Coal. 

I      l-27.:{    I 

Tennessee  Coal. 
I      l.Sro     I 


0.50 
0.90 
0.55 
1.15 
0.45 

o.'so 

0.95 
1.00 
0.78 
1.05 
0.73 
0.70 

o!95 
1.05 
1.00 
0.92 
0.73 
1.15 
0.90 
1.28 


26.93 

68.15 

33.04 

60.70 

33.37 

61.60 

31.95 

61.80 

17.85 

80.20 

18.60 

78.10 

19.25 

78.05 

19.15 

78.75 

14.95 

80.60 

18.80 

79.43 

31.28 

65.82 

37.35 

57.95 

31.50 

65.40 

28.92 

62.00 

32.40 

63.70 

31.32 

63.95 

32.60 

62.85 

31.67 

63.05 

38.00 

58.15 

33.15 

62.. 50 

30.53 

65.87 

35.85 

60.26 

31.87 

63.07 

.34.28 

61.30 

38.17 

56.00 

34.22 

63.30 

3.75 
5.50 
4.05 
5.60 


1.45 
2.40 
2.15 
0.95 
4.00 
1.25 
2.10 
3.75 
2.10 
8.30 
2.85 
5.00 
3.85 
4.60 
2.90 
3.30 
2.60 
3.47 

3!27 
4.93 
1.20 


I  33.47  I  56.76  I  6.9 

I  34.07  I  55.25  |  7.3 

I  36.63  I  60.85  |  0.85 

I  36.10  I  61.00  I  1.10 


(The  above  determinations  were  made  by  Mr.  Henry  C.  Hill.) 
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Kent's  Estimate  of  Total  Heat  of  C'oals  from  Proximate 
Analysis. 

Mr.  William  Kent  has  given  a  table  of  the  proximate  heating 
values  of  coals  deduced  from  Mahler's  experimental  data.*  In  this 
table  he  attempts  to  show,  -within  limits  of  error  of  B%,  the  B.  T.  U. 
of  coals,  having  previously  determined  percentages  of  fixed  carbon  of 
the  net  combustible.  The  figures  in  this  table  have  been  plotted  as 
co-ordinates  on  the  diagram  (Fig.  7)  and  connected  by  a  smooth 
curve.  Upon  the  diagram  the  heat  values  obtained  by  the  author 
■with  the  Carisenter  calorimeter,  together  with  the  results  of  tests  by 
Professors  Carpenter,  Lord  and  Haas,  and  Hale  and  Williams,  have  also 
been  plotted  for  comparison  with  Mr.  Kent's  curve.  An  examination 
of  this  diagram  indicates  a  wide  difference  between  the  heating  values 
o^  certain  coals  as  given  by  the  curve  and  from  oalorimetric  tests, 
and  this  doubtless  is  due  to  the  variable  nature  of  the  volatile  matter. 

From  any  series  of  experiments  on  bituminous  coals  like  those  by 
Mahler,  curves  can  be  obtained  which  will  approximately  fit  the  pres- 
ent conditions,  but  not  be  generally  applicable  to  another  series  of 
tests  of  coals  from  other  localities.  By  reference  to  Table  No.  25  it 
mil  be  seen  that  four  of  the  best  coals  calorimetrically  tested,  viz: 
Thacker,  Acme,  Kanawha  Steam  and  Kanawha  Gas  coals,  having  heat- 
ing powers  of  1.5  554,  15  589,  15  653  and  15  440  B.  T.  U.  per  pound  of 
net  combustible,  contained  scarcely  two- thirds  of  fixed  carbon,  and 
by  the  Kent  method  should  have  rated  in  heating  power  considerably 
lower  than  the  smokeless  coals  ;.  when,  in  fact,  by  the  calorimetric 
method  these  coals  were  not  inferior  to  the  coals  giving  the  highest 
heating  powers  and  evaporative  results. 

Referring  again  to  the  table  it  will  be  noticed,  that  as  a  rule,  the 
actual  heating  power  of  the  net  combustiblef  was  considerably  under 
the  value  which  would  be  assigned  to  it  by  the  Kent  curve.  It  is 
scarcely  probable  that  the  heats  obtained  by  the  author  were  too  low, 
because  combustion  must  have  been  perfect  in  the  presence  of  pure 
oxygen  under  pressure,  and  as  shown  by  the  absence  of  smoke  and  soot 
in  the  combustion  chamber,  and  at  the  orifice  of  exit  for  the  waste  gases; 
and  was  complete  as  shown  by  the  fail"  agreement  of  the  ash  by  calori- 
metric method  and  proximate  analysis. 

*  Kent's  "Mechanical  Engineers"  Poclcetboolj, "  First  Edition,  p.  634. 
t  Coal— (ash  +  moisture). 
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TABLE  No.  25. — Heatjng  Vaiites  of  Net  Combustible. 


Percentage   of 
fixed  carbon 

in  net 
combustible. 


T.  U.  Per  Pound  of  Net 
Combustible. 


By 

calorimeter. 


By 
Kent's  curve. 


Pennsylvania  Coals. 


Pittsburg,  Brown,  Second  Pool 

Catsburg,  Third  Pool. . . 

Cincinnati.     "         '■     ... 

"  Woods,  Fourth       "     . . . 


New  River  (old  sample) 

"  (new  sample) 

Loup  Creek  (old  sample) 

•'  (new  sample) . . . 
Pocahontas  (old  sample) 

'•  (nev,'  sample)... 
Kanawha  Steam 

"        Gas 

Acme 

Keystone 

Winif  rede 

Thacker 

Logan  Consolidated  Thacker. 

Maritime  Thacker 

Campbell's  Creek 

Monongah 

Eagle 

Cedar  Grove 

Mount  Carbon 

Chesapeake 

Coalburg 

Belmont  Splint 


Luhrig,  Washe:!. 
Wells  ton  Shaft.. 


71.70 
64.75 
04.86 
65.93 


West  Virginia  Coals. 
81.80 
80.77 
80.22 
80.44 
84.35 
80.86 
67.79 
60.81 
67.49 
68.19 
66.29 


66.56 
60.48 
65.84 


64.13 
59.47 
64.91 


Ohio  Coals. 
.1  62.92  I 

.1  61.86  I 

Kentucky  Coal. 
..I  6B.43  I 

Tennessee  Coal. 

.1      6-2.82     I 


14  381 
14  317 
14  030 
14  213 


15  028 
15  757 

14  837 

15  336 

14  738 

15  456 
15  653 
15  440 
15  589 
15  448 

14  693 

15  554 

14  968 

15  008 

14  789 

15  022 

14  635 

15  422 
14  761 
14  086 
14  686 
13  262 


14  3.57 
14  080 


15  670 
15  260 
15  270 
15  350 


15  815 
15  840 
15  850 
15  845 
15  770 
15  840 
15  470 

14  780 

15  460 
15  490 
15  375 
15  400 
15  345 
15  380 

14  690 

15  300 
15  .500 
15  120 
15  880 
15  210 

14  .510 

15  275 


I     15  105 
I     14  900 


One  serious  objection  to  tlie  general  application  of  Mr.  Kent's 
curve  is  the  variable  nature  of  the  volatile  matter  in  bituminous  coals, 
■which  may  have  an  effect  on  the  calori:Qe  power  Thus,  with  constant 
fixed  carbon,  when  the  hydrogen  is  relatively  high  and  the  oxygen 
relatively  low,  the  heating  power  of  the  volatile  matter  will  be  high, 
and  when  the  hydrogen  is  relatively  low  and  the  oxygen  relatively 
high,  the  heating  power  of  the  volatile  matter  will  be  low.  (Varying 
amounts  of  sulphur  in  the  coal  will  have  the  effect  of  slightly  modi- 
fvino-  this. ) 
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Table  No.  26,  from  analyses  by  Professors  Lord  aud  Haas,*  will 
show  the  influence  of  varying  relative  amounts  of  hydrogen  and 
oxygen  on  the  heating  power  of  coals: 

TABLE   No.    26. — Relation    of    Hydrogen,    Oxygen    and    Heating 
PowEK  OF  Coals. 


Test 
No. 


Freeport 

Pittsburg 

Darlington 

Hocking  Valley 

Thacker 

Pocahontas 


Percentages. 


8.70 
8.80 


6.50 
6.05 


Son.   Hydrogen. 


73.15 
71.40 


76.56 
73.91 


78.90 
7».40 


^5.46 
ffi.40 


5.22 
5.15 


4.93 
5.25 


5.. 35 
5.16 


5.14 
5.19 


Oxygen. 


10.57 
8.55 


16.27 
15.57 


6.88 
7.56 


3.24 
3.94 


Heating  Power. 


By 

calorimeter 
Calories,  t 


7  464 
7113 


7  630 
7  354 


7  245 
7  304 


6  882 
6  494 


By. 

analysis. 
Calories.t 


7  393 
6  970 


7  719 

7  404 


6  790 
6  520 


7  876 
7  831 


t  Pound  calories  X  1 . 


Considei'ing  the  Freeport,  Pittsburg  and  Darlington  coals,  the  rela- 
tion of  hydrogen  and  oxygen  varies  sufficiently  to  overcome  the  modi- 
fying influence  of  the  differences  in  percentages  of  fixed  carbon. 
With  the  Hocking  Valley  coal  the  relation  of  the  hydrogen  and  oxygen 
is  fairly  constant,  but  the  combustible  varies  in  heating  jjower  by 
reason  of  the  variable  proportion  of  fixed  carbon,  while  with  the 
Thacker  and  Pocahontas  coals  all  conditions  of  the  combustible  are 
fairly  constant,  and  the  heating  powers  likewise  are  constant. 

The  data  in  Table  No.  27,  from  ten  samples  of  bituminous  coals, 
are  taken  from  Professor  Carpenter's  paiDer,  descriptive  of  his  form  of 
coal  calorimeter,^  and  compared  on  the  heating  power  of  the  net  com- 
bustible with  the  heats  obtained  for  the  given  percentages  of  free 
carbon  by  Mr.  Kent's  curve. 

*  Loc.  cit. 
X  Loc.  cit. 
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TABLE  No.  27. 


Source  of  coal. 

Percentage  of 
free  carbon. 

B.  T.  U.  Per  Pound 

OF  Net  Combustible. 

By  calorimeter. 

By  Kent's  curve. 

67.93 

66.27 

•        65.19 

73.93 

63!  47 
74.73 

78.87 
81.47 
58.65 

16  093 

15  964 

14  601 

16  000 
16  315 

15  106 

14  753 

15  396 
15  872 
12  435 

15  3iO 

Pennsylvania 

15  290 
15  750 

I. 

15  510 

15  160 

15  780 

ii 

15  835 

West  Virginia 

15  820 

Illinois 

14  400 

Specipic  Gravity  of  the  CoAiiS. 

The  specific  gravity  given  in  the  table  of  analyses  of  each  kind  of 
coal — a  mean  of  five  or  six  determinations — will  be  found  of  value  in 
estimating  the  stowage  for  marine,  railway  and  factory  uses  where  the 
coal  storage  space  is  limited.  Thus  a  coal  of  given  specific  gravity 
and  heating  power  will  occupy  less  bulk  for  a  given  steam  effect  than 
will  another  coal  lower  in  specific  gravity  and  of  equal  heating  power. 
The  relative  values  where  stowage  is  a  consideration  will  be  approxi- 
mately represented  by  the  products  of  the  heating  powers  and  specific 
gravities  of  the  several  coals,  and  to  illustrate  the  effect  of  this,  the 
following  comparisons  of  a  few  coals  have  been  made : 

TABLE  No.  28. 


Coal  sample. 


Product,  heating 

power  (B.  T.  U.),  and 

specific  gravity. 


Relative  stows 
value. 


Pittsburg  (average ) 

New  River 

Loup  Creek 

Pocahontas ■ 

Acme I 

Thacker j 

Eagle 

Cedar  Grove  

Luhrig,  Washed 

WeUston  Shaft 


19  257 

99.63 

19  093 

98.78 

19.325 

100.00 

19  329 

100.00 

19  232 

99.50 

17  803 

92.10 

19  186 

99.20 

16  926 

87.57 

16  170 

83.66 

Considering    that  the  New  River,  Loup   Creek,   Pocahontas    and 
Thacker  coals,  in  addition  to  their  other  good  qualities,  are  all  so- 
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called  smokeless  coals,  tbe  importance  of  these  for  naval  and  railway 
purposes  is  quite  apparent. 

It  should  be  matter  for  congratulation  by  the  people  of  the  United 
States  residing  east  of  the  Mississij^pi  River,  that  Nature  has  been  so 
bountiful  in  locating  such  vast  tracts  of  high-grade  steam  coals  as 
are  found  in  the  States  of  Pennsylvania,  West  Virginia  and  Kentucky, 
esj^ecially  as  these  coals  are  easily  mined  and  cheaply  transported  to 
the  seaboard,  or  to  points  of  consumption  inland.  Some  of  these 
coals,  like  Pocahontas,  New  River,  and  Acme,  are  not  surpassed  for 
steam  use  by  any  known  coals  in  the  world,  and  when  boilers  and 
furnaces  have  been  devised  to  obtain  the  highest  practical  efficiencies, 
then  these  coals  will  be  made  to  contribute  in  a  higher  degree  to  the 
commercial  prosjjerity  of  the  country. 

Reference  to  the  physical  efficiencies  of  these  coals  (Table  No.  23), 
indicates  that  none  of  the  coals  was  giving  very  high  results,  and 
some,  undoubtedly,  were  worked  at  a  disadvantage,  although  the  evi- 
dences of  this  were  not  apparent  at  the  time;  but  high  efficiency  of 
the  low-grade  coals  cannot  always  be  attained  except  in  furnaces 
especially  adapted  for  them.  All  the  losses  of  heat  by  chimney  draft, 
etc.,  should  be  limited  to  30%"  of  the  ultimate  heat  value  of  the  coal; 
and  in  designing  boilers  and  furnaces,  due  regard  should  be  had  for 
the  work  to  be  performed  and  the  coal  to  be  used.  But  variations 
in  any  large  degree  in  the  amount  of  work,  and  the  kind  and  grade  of 
coal  burned,  will  in  most  instances  be  attended  with  reduced  efficiency 
of  the  fuel. 


86  DISCUSSION    ON"   TESTS    OF   STEAM    COALS. 

DISCUSS  ION. 


Mr.  William  Kent. — This  paper  is  a  valuable  contribution  to  the 
knowledge  of  the  beating  value  of  some  of  the  most  important  Ameri- 
can coals,  and  Mr.  Hill  is  to  be  congratulated  on  having  i^resented  one 
of  the  most  important  jjapers  on  this  subject  which  has  yet  ap- 
peared. 

The  author  has  had  an  opportunity  which  few  engineers  have  ever 
obtained  of  making  a  systematic  series  of  tests  of  coals  mined  over  a 
wide  extent  of  territory,  with  conditions  under  his  control,  and  with 
facilities  for  making  both  chemical  and  calorimetric  tests. 

All  the  results  which  the  opportunity  offered  have  not  been  ob- 
tained by  the  author,  nor  has  he  drawn  all  the  conclusions  which 
might  have  been  drawn,  and  the  speaker  will  have  to  find  fault  with 
some  details  of  his  methods  and  with  some  of  his  figures. 

The  map.  Fig.  2,  showing  the  location  of  the  coal  fields,  is  especi- 
ally to  be  commended.  The  chief  factor  which  determines  the  heat- 
ing value  of  any  of  the  coals  mined  east  of  the  Mississippi  is  the  geo- 
graphical location  of  the  mine.  No  satisfactory  study  of  American 
coals  can  be  made  without  a  map  showing  the  location  of  the  mines. 

In  regard  to  the  methods  of  testing,  the  author  was  fortunate  in 
having  an  intex'nally  fired  boiler  which  could  be  driven  at  a  uniform 
rate  and  thus  keep  the  loss  by  radiation  practically  constant.  He  was 
unfortunate,  however,  in  having  the  rate  of  evaporation  between  5  and 
6  lbs.  per  square  foot  of  heating  surface  per  hour,  so  high  as  to  be 
far  beyond  the  point  of  maximum  economical  performance.  He  was 
also  unfortunate  in  not  having  a  furnace  and  combustion  chamber  sur- 
rounded by  fire  brick,  which  would  have  been  of  great  assistance  in 
burning  completely  those  coals  which  had  over  over  30%  of  volatile 
matter. 

The  author  says: 

"  The  results  given  in  the  tables  are  in  no  case  supposed  to  indi- 
cate the  best  possibilities  with  these  coals.  *  *  *  The  author  re- 
gards the  results  obtained  by  this  method  of  handling  the  coal  as  more 
satisfactory  to  the  buyers  and  users  of  coal  than  those  which  might 
have  been  obtained  by  expert  firemen." 

The  results  are  certainly  below  the  best  possibilities  of  the  coals. 
They  could  not  be  anything  else,  with  the  boiler  driven  beyond 
its  economical  rating,  with  a  furnace  not  adapted  for  burning  the 
volatile  gases,  and  with  only  the  ordinary  firemen.  This  may  be 
satisfactory  to  the  buyer  and  user  of  the  coal,  but  it  should  not  be 
satisfactory  to  the  seller  of  the  coal  nor  to  an  engineer.  The  object  of 
the  tests  appears  to  have  been  to  determine  the  relative  value  of  the 
coals.  If  each  coal  had  been  tested  in  such  a  manner  as  to  develop  its 
best  possible  results,  with  a  clean  boiler,  with  expert  firemen  and  with 
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a  boiler  not  over  driven,  tlie  results  then  conld  be  taken  as  expressing  Mr.  ?:ent. 
the  trne  relative  value  of  the  different  coals.  Btit  when  conditions  are 
vinfavorable,  as  they  were  in  these  tests,  there  is  no  way  of  determining 
that  they  are  not  more  unfavorable  for  one  coal  than  for  another. 
Unfavorable  conditions  are  variable  conditions,  and  they  should  be 
avoided  in  testing  coals,  boilers  and  engines,  just  as  much  as  in  racing 
horses. 

An  example  of  the  effect  of  what  was  probably  variable  firing  is 
seen  in  the  figures  for  Pittsburg  coal,  for  the  item  "  jDounds  of  steam 
from  and  at  212°  per  pound  of  combustible  "  in  Tables  Nos.  5  and  6: 


Name. 

Lump. 

Barge  Run. 

Mine  Run. 

Nut  and  Slacli. 

Brown 

9.54 

9.87 

9.65 

9.64 
9.46 

i,U3 

9.35 
9.36 
9.24 
9.90 

9  34 

9.14 

Cincinnati           .          

9.34 

9.43 

There  can  be  no  doubt  that  these  coals  were  practically  of  the  same 
quality,  and  it  might  be  expected  that  these  14  tests  would 'give  some 
knowledge  of  the  relative  value  of  different  sizes.  But  the  highest 
figures  are  given  by  the  Barge  Run  for  the  Brown  coal,  by  the  Lump 
for  the  Catsburg,  by  the  Nut  and  Slack  for  the  Cincinnati,  and  by 
the  Mine  Run  for  the  Woods.  The  Brown  coal  is  about  2%  better 
than  the  Woods,  if  judged  from  the  Barge  Run  tests;  but  7%  poorer 
than  the  Woods,  if  judged  by  the  Mine  Run  tests. 

The  author  has  something  to  say  concerning  a  curve  which  the 
sjjeaker  plotted  from  the  results  of  Mahler's  experiments  in  France  in 
1892.  * 

The  sjieaker  will  not  undertake  at  present  a  defence  of  this  curve, 
but  will  only  say  that  the  results  presented  in  the  jjaper  have  not 
caused  him  to  modify  in  any  degree  the  latest  statements  he  has  made 
in  relation  to  it,  giving  the  limitations  of  its  usefixlness. 

The  results  given  in  the  paper  will  now  be  taken  up  and  a  few  con- 
clusions drawn  therefrom. 

The  data  give  three  different  ways  of  estimating  the  probable  heat- 
ing value  of  the  several  coals:  (1)  The  determinations  by  the  Carpen- 
ter calorimeter,  (2)  the  aj)j)roximations  by  the  use  of  the  speaker's 
curve,  and  (3)  the  results  of  the  boiler  tests.  Each  of  these  three 
methods  is  subject  to  error. 

The  Carpenter  calorimeter  is  by  no  means  recognized  as  being  as 

accurate  an  instrument  as  the  Mahler  calorimeter.     It  is  greatly  to  be 

regretted  that  Mr.  Hill  did  not  have  his  results  checked  by  Professor 

Lord,  at  Columbus,  with  his  Mahler  calorimeter.     The   standardizing 

and  the  manipulation  of  the  Carpenter  calorimeter  is  a  matter  of  great 

*  "Mineral  Industry,"  Vol.  I,  p.  97.  and  revised  with  the  addition  of  the  results  of 
Lord  and  Haas,  in  1898;  Transactions,  A.  I.  M.  E.,  Vol.  xxvii.  p.  955;  and  Transactions, 
A.  S.  M.  E.,  Vol.  XX. 
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Mr.  Kent,  delicacy,  and  any  work  done  by  it,  to  liave  scientific  vahie,  should  be 
done  by  an  expert. 

The  iise  of  the  speaker's  curve  depends  on  accuracy  in  the  proxi- 
mate analysis  of  the  coal,  which  is  not  easy  to  obtain,  as  may  be 
found  by  sending  duplicate  samples  of  coal  to  three  or  more  chemists 
for  analysis.  The  speaker  does  not  claim  for  his  curve  a  greater  ap- 
proximation to  accuracy  than  3%,  even  when  the  analysis  is  accurate; 
and  it  is  liable  to  a  somewhat  greater  error  than  this  in  coals  which  are 
high  in  volatile  matter,  such  as  the  Pittsburg  and  Tbacker  coals. 

The  best  boiler  tests  are  subject  to  an  error  of  about  S%,  and,  as 
already  shown,  these  j^articular  boiler  tests  show  some  evidence  of 
having  even  larger  errors,  or,  more  properly,  larger  variations  from 
the  results  which  wei-e  possible  under  the  given  conditions. 

There  is  a  strong  probability  that  the  efficiency  of  the  boiler, 
barring  unavoidable  variations  due  to  irregularity  of  firing  and  the 
ordinary  errors  of  a  test,  is  approximately  uniform  for  all  the  coals  of 
a  given  class,  and  if  we  assume  a  certain  efficiency  of  boiler  for  these 
tests,  we  jvill  arrive  thereby  at  an  approximation  to  the  heating  value 
of  the  coal.  There  can  be  no  such  error  in  this  method  as  there  is  ap- 
parently in  the  calorimetric  results  obtained  by  Mr.  Hill.  For 
instance,  in  Table  No.  23  the  efficiency  of  the  boiler  when  testing 
Loup  Creek,  Mine  Eun  coal  was  only  57.51^,  while  it  was  69.09% 
with  the  Belmont  Splint,  Mine  Run,  or  over  20%  higher.  This  is  only 
partly  exjilained  by  the  poor  result  of  the  boiler  test  with  the  Loup 
Creek  coal,  and  it  must  be  largely  diie  to  an  incorrect  calorimetric 
result  with  the  Belmont  coal. 

It  may  be  assumed,  for  the  purpose  of  this  study,  that  the  three 
different  estimates  of  the  heating  value  of  these  coals  are  of  equal 
credibility,  and  that  a  somewhat  near  approximation  to  their  true 
heating  valtie  can  be  obtained  by  averaging  the  three  estimates.  To 
obtain  a  convenient  approximation  to  the  heating  value  of  the  coal 
from  the  boiler  tests,  the  speaker  has  multiplied  the  figures  represent- 
ing the  evaporation  per  pound  of  combustible  by  1  500  for  the  Poca- 
hontas, New  River  and  Loup  Creek  coals,  and  by  1 600  for  all  the  other 
coals.  This  is  equivalent  to  assuming  a  boiler  efficiency  of  64.38% 
for  the  three  coals  first  named,  and  60.36%"  for  the  other  coals*,  which 
is  a  fair  assumption,  since  the  three  coals  are  of  a  distinct  class,  semi- 
bituminous,  and  always,  in  internally  fired  boilers,  give  higher  effi- 
ciencies than  the  bituminous  coals. 

From  the  several  results  the  speaker  has  selected  the  best  obtained 
from  each  coal,  whether  Lump,  Barge  Run,  Mine  Run,  or  Nut  and  Slack, 
thus  giving  each  coal  the  advantage  of  the  best  showing  it  made.    This 

*10  lbs.  evaporation  X  1 500  =  15  000  B.  T.  U. 
10  X  965.7  ^  15  000  =  64..38  %  . 
10  lbs.  evaporation  X  1  600  :^  16000  B.  T.  U. 
10  X  965.7  ^  16  000  =  60.36^. 
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seems  to  be  only  fair  to  each  coal,  and  it  does  not  seem  fair  to  depre-  Mr.  Kent, 
ciate  the  value  of  Loup  Creek,  which  gave  10.63  lbs.  evaporation  in 
Lump  coal  by  crediting  it  with  the  extremely  low  figure  of  9.13  for  the 
Mine  Run  coal,  which  was  no  doubt  due  to  imjiroijer  firing. 

Making  the  calculations  in  this  way,  the  results  given  in  Table  No. 
29  have  been  obtained. 

TABLE   No.  29.— B.  T.  U.  per  PorNc  of  CoMBUsTrBLE. 


1 

3 

3 

4r 

5 

6 

r 

By  Cal- 
orimeter. 

ByKent's 
curve. 

By  boiler 
test.* 

Average. 

Average  great 
less  than 

er  or 

1 

3 

3 

Pittsburg,  Brown,  2d  Pool 

Catsburg,     3d 

Pool 

14  381 
14  317 

14  036 

14  213 

15  757 
15  336 
15  456 
15  653 
15  440 
15  589 
15  448 

15"  5.54 

14  968 

15  008 

14  789 

15  022 

14  625 

15  422 
14  761 
14  086 

13  262 

15  670 

15  260 

15  270 
15  350 
15  840 
15  845 
15  840 
15  470 

14  780 
■  15  460 

15  490 
15  375 
15  400 
15  345 
15  380 

14  690 

15  300 
15  500 
15  120 
15  380 
15  210 

14  510 

15  275 

15  427 
15  784 

14  950 

15  847 

16  167 
15  950 
15  905 
15  909 

15  766 

16  296 
15  501 

15  853 

16  205 

15  487 
15  455 
15  331 
15  798 
15  746 
15  322 

14  921 

15  050 
15  076 

15  159 

15  120 

15  07.3t 
15  137 
15  921 
15  710 
15  734 
15  677 
15  329 
15  782 
15  480 
15  307 
15  720 
15  333 
15  292 

14  978 

15  818 
15  .3(18 
15  429 
15  154 
14  739 
14  749 
14  538 

778 
803 

1  037 
924 
174 
374 
278 
24 

—111 
193 

614 
166 
365 

284 
189 
196 

393 

653 

63 

1  276 

—511 

-140 

-197 

-213 

81 

-135 

-106 

207 

.549 

322 

-  10 

—  68 
330 

-82 
-192 

309 
-226 
--i71 

239 
-737 

-268 
-664 

Cincinnati,  3d 
Pool 

123 

Woods,  4th... 

-710 
-246 

-240 

Pocahontas. 

—171 

-232 

Gas 

-437 

Acme . 

—514 

-  21 

Winifrede 

-546 

Thaclfer. 

-485 

Logan,  Cons.  Thacker. . . . 

Maritime,  Thacker 

Campbell's  Creek 

-353 

-195 

-47r 

Monongah 

-113 

Eagle. 

--490 

Cedar  Grove 

-317 

-168 

-182 

Coalburg 

-301 

Belmont  Splint    . 

-538 

*  Calculated  by  multiplyiner  the  pounds  of  steam  from  and  at  212°  by  1  500  for  the 
New  River,  Loup  Creek  and  Pocahontas  caals,  and  by  1  600  for  all  the  other  coals.  This 
is  equivalent  to  assuming  a  boiler  efficiency  of  64.5%  for  the  three  coals  named  and  60. 4;^ 
for  the  other  coals. 

t  Average  of  columns  2  and  3  only,  the  figures  in  column  1  being  considered  incredi- 
ble. 

It  will  be  noticed  that  the  average  figures  in  column  4  show  a 
much  higher  degree  of  uniformity  than  the  figures  in  columns  1  and 
3,  and  a  somewhat  higher  degree  of  uniformity  than  the  figures  in 
column  2.  The  last  three  columns  show  the  differences  of  columns 
1,  2  and  3  from  the  average.  Comparing  these  figures  of  differences 
the  following  results  are  found:  Of  the  twenty-three  coals  the  max- 
imum difference  between  the  average  and  the  three  individual  results 
for  each  coal  occurs  15  times  in  column  5,  representing  the  variation  of 
the  Carpenter  calorimeter  results  from  the  average;  once  in  column  6, 
representing  the  variation  of  the  results  obtained  by  the  Kent  curve 
from  the  average;  and  7  times  in  column  7,  representing  the  variation 
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Mr.  Kent,  between  the  boiler  test  results  and  the  average.  The  minimum  diflfer- 
ence,  or  the  nearest  approximation  to  the  average  value,  occurs  7  times 
in  column  5,  11  times  in  column  B,  and  5  times  in  column  7.  The 
average  difference  is  418  in  column  5,  239  in  column  6,  and  339  in  col- 
umn 7. 

Thus,  bv  three  different  methods  of  comparison  the  Kent  curve 
shows  a  closer  appi*oximation  than  either  the  calorimeter  or  the  boiler 
test  to  the  average  heating  values  obtained  from  the  three  different 
methods  of  estimation. 

The  speaker  appends  the  following  remarks,  as  showing  the  conclu- 
sions he  has  reached  from  earlier  studies  in  relation  to  the  heating 
values  of  semi-bituminous  and  bituminous  coals  mined  in  different 
districts,  which  conclusions  are  confirmed  by  this  study  of  Mr.  Hill's 
jDajjer. 

Draw  a  line  northeasterly  from  the  Pocahontas  field,  shown  at  No.  6 
on  the  map.  Fig.  2,  on  the  boundary  line  between  Virginia  and  West 
Virginia,  through  Maryland  a  little  west  of  Cumberland  and  through 
Somerset,  Cambria  and  Clearfield  counties  in  Pennsylvania.  This 
line,  250  miles  in  length,  will  pass  through  the  coal  fields  containing 
the  best  steam  coals  mined  in  the  United  States.  A  remarkable  feature 
of  these  coals  is  their  uniformity  in  chemical  composition,  their  com- 
bustible portion  varying  only  within  2  or  3%  from  80%  fixed  carbon 
and  20%"  volatile  matter.  The  heating  power  is  likewise  remarkably 
uniform,  averaging  15  750  B.  T.  U.  per  pound  of  combustible,  with  a 
probable  maximum  variation  of  not  over  2%  on  each  side  of  this 
figure.  The  ash  and  moisture  of  all  the  coals  along  this  line  are  also 
very  low,  the  ash  varying  no  doubt  with  the  care  used  in  preparing  the 
coal  for  mark:et  at  the  individual  mines.  These  coals  are  properly 
classed  as  semi-bituminous. 

Traveling  northwestwardly,  at  right  angles  to  and  from  any  point 
on  this  line,  it  is  found  that  the  coal  gradually  increases  in  volatile 
matter,  and  decreases  in  heating  value.  In  the  coals  mined  on  the  line 
the  volatile  matter  is  only  about  20%  of  the  total  weight  of  the  com- 
bustible, but  it  is  all  nearly  of  the  composition  of  marsh  gas,  C  H^, 
having  but  little  oxygen;  and  every  pound  of  it  is  worth  nearly  li  lbs. 
of  carbon.  Further  to  the  northwest,  however,  while  the  propor- 
tion of  volatile  matter  increases,  it  becomes  of  poorer  quality,  being 
higher  in  oxygen.  In  some  parts  of  Ohio  the  volatile  matter  is 
worth  no  more  per  i^ound  than  carbon,  and  in  most  Illinois  coals  it  is 
worth  less. 

Eeferring  to  the  map,  Fig.  2,  it  is  found  that,  with  the  exception 
of  the  Jackson,  Ohio,  and  Jellico,  Kentucky  and  Tennessee  coals, 
of  which  the  author  had  only  a  few  samples,  nearly  all  the  coals  tested 
by  him  were  mined  not  very  far  distant  from  the  northeast  and  south- 
west line  described.     The  Pocahontas,   New  River  and  Loup  Creek 
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coals  are  on  the  line,  and  their  heating  value  averages  api:)roximately  Mr.  Kent. 
15  800  B.  T.  U.  per  pound  of  combustible.  The  Pittsburg,  Monongah, 
Winef  rede  and  Kanawha,  and  Thacker  fields  lie  at  some  distance  to 
the  northwest  of  the  line.  The  Pittsburg  coals  are  the  farthest  away 
from  the  line,  and  their  probable  average  heating  value  is  15  100 
B.  T.  U.  All  the  other  coals,  of  the  fields  previously  named,  from 
Fayette,  Kanawha  and  Mingo  counties,  West  Virginia,  from  sixteen 
diiferent  mines,  scattered  along  a  northeast  and  southwest  line  over 
150  miles  in  length,  have  a  heating  value  the  entire  range  of  which, 
(omitting  the  Belmont  Splint  coal,  the  apparent  average  heating  value 
of  which  is  no  doubt  too  low),  is  only  between  the  figures  14  739  and 
15  782  B.  T.  U.  per  pound  of  combustible.  The  average  of  these 
figures  is  15  260  B.  T.  U.,  and  the  range  on  either  side  of  this  average 
is  only  3.4  per  cent.  This  result  is  a  confirmation  of  the  conclusion 
reached  by  Professors  Lord  and  Haas  in  their  paper  in  the  Transac- 
tions of  the  American  Institute  of  Mining  Engineers,  to  the  effect  that 
the  coals  mined  in  a  given  seam,  over  a  considerable  area  of  territory, 
have  a  substantially  imiform  heating  value  per  pound  of  the  com- 
bustible portion. 

Mr.  William  H.  Beyan  (by  letter). — This  paper  represents  such  an  Mr.  Bryan, 
amount  of  exj^erimental  research,  and  the  results  have  been  compiled 
with  such  great  labor  and  care,  that  considerable  study  is  necessary  to 
fit  one  to  discuss  it  intelligently.  This,  taken  with  the  author's  high 
standing  as  an  engineer,  would,  for  the  most  part,  tend  to  disarm 
criticism.  The  paj^er  is  unquestionably  a  most  valuable  addition  to 
the  data  on  the  value  of  steam  coals  in  everyday  steam-boiler  service. 

The  following  points  of  criticism,  however,  would  probably  occur 
to  the  average  engineer  familiar  with  boiler  trials: 

First. — The  starting  and  stopping  of  the  tests  do  not  seem  to 
have  been  done  by  either  the  "standard  "  or  the  "  alternate  "  method, 
recommended  by  the  code  of  the  American  Society  of  Mechanical 
.Engineers,  which  for  many  years  has  represented  the  best  American 
l^ractice.  It  is  to  be  regretted  that  one  or  the  other  plan  was  not 
followed  rigidly.  The  author  states  that  the  time  of  beginning  and 
closing  a  test  was  when  the  coal  charge  on  the  grates  was  no  longer 
able  to  maintain  working  steam  pressure.  This  seems  rather  indefinite, 
and  more  likely  to  introduce  error  than  either  the  "  standard  "  or 
"  alternate  "  method  referred  to.  The  writer's  preference  is  for  the 
"alternate"  method,  which  he  thinks  would  have  given  excellent 
results  in  the  present  case;  and  he  doubts  whether  Mr.  Hill's  method 
insures  that  the  quantity  and  condition  of  the  fuel  on  the  grate  are 
the  same  at  the  beginning  and  end  of  the  test.  The  duration  is,  in 
all  except  six  tests,  exactly  16  hours,  which  leads  to  the  suspicion 
that  exactness  as  to  the  conditions  might  i:)ossibly  have  been  sacrificed 
to  uniformity  of  time.     The  duration  of  the  tests,  however,  was  suffi- 
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Mr.  Bryan,  ciently  long  to  eliminate  largely  any  errors  -vvliicli  might  have  crept 
in,  in  starting  and  sto^jping. 

Second. — The  nse  of  meters  for  measuring  the  water  seems  unfor- 
tunate, in  view  of  their  known  unreliability.  The  system  of  calibra- 
tion was,  of  course,  such  as  to  reduce  the  jjossibility  of  error  to  a 
minimum,  but  the  use  of  the  ordinary  weighing  or  measuring  tanks 
would  not  have  greatly  increased  the  complication,  and  would  have 
eliminated  doubt. 

Tliird. — Table  No.  4  is  a  comi^arison  of  the  boilers  when  clean  and 
when  dirty,  and  shows  a  fuel  saving  of  2\%  in  favor  of  the  clean 
boilers.  The  cleaning,  however,  seems  to  have  been  entirely  internal, 
and  no  data  are  given  as  to  the  effect  of  soot  on  the  external  surfaces. 
The  writer  has  found  this  to  be  a  much  more  serious  matter  than  scale, 
cutting  down  capacity  and  efficiency  very  rapidly.  Many  of  the  coals 
tested  were  very  smoky.  It  is  to  be  regretted  that  Mi*.  Hill  did  not  at 
the  same  time  make  some  record  of  the  smokelessness  of  each  of  these 
coals,  as  they  no  doubt  differed  greatly  in  this  characteristic.  The 
question  of  smoke  abatement  is  a  live  one  in  Cincinnati  just  now. 

Fourth. — Mr.  Hill's  method  of  determining  tbe  accidental  moisture 
in  coal  by  drying  a  sample  on  the  man-head  is  a  good  one.  Great 
care  must  be  taken,  however,  to  insure  that  a  representative  average 
sample  is  secured.  A  still  better  plan  is  to  air-dry,  in  a  warm  room, 
the  entire  amount  of  coal  to  be  burned,  whenever  it  is  possible  to  do  so. 

The  above  criticisms,  it  will  be  noticed,  are  on  details  of  minor 
imi)ortance,  and  do  not  affect  the  value  of  the  paper  as  a  whole.  In 
the  wi'iter's  judgment  the  results  are  not  only  strictly  comparative, 
but  their  absolute  value  is  great,  even  though  the  aiithor's  methods 
may  not  in  every  detail  meet  the  requii'ements  of  the  highest  technical 
refinement. 

Mr.  Hill  has  done  well  to  call  attention  to  the  effect  of  external 
conditions  upon  the  quality  of  the  steam.  When  a  boiler  is  crowded 
beyond  its  rated  capacity,  or  when  its  rate  of  work  is  changed  sud- 
denly and  materially,  or  where  the  condition  of  the  fires  is  altered 
suddenly,  it  is  natural  for  the  effect  to  be  felt  in  increased  moisture  in 
the  steam.  It  is  also  true,  however,  that  a  well-designed  boiler  will 
keep  these  disturbances  at  a  minimum. 

The  suri? rising  fact  that  increased  stack  temperatures  are  some- 
times accompanied  by  higher  boiler  efficiencies  has  been  noticed  by 
others,  and  is  probably  due  to  the  fact  that  combustion  is  more 
complete  when  the  fire-box  temperatures  are  high,  and  that  the  heat 
transmission  to  the  water  is  better  on  account  of  the  greater  differences 
of  temperature.  It  is  also  jjrobable  that  a  much  smaller  excess  of  free 
air  is  admitted  to  the  grates  at  such  times. 
Mr.  Carpenter.  Mr.  R.  C.  Cakpentee  (by  letter). — In  connection  with  the  labora- 
tory work  at  Sibley  College,  Cornell  University,  various  forms  of  coal 
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calorimeters  Lave   been  used,  aod    the    resiilts    obtained    compared  Mr.  Carpenter. 
with  different  calorimeters,  and  also  in  a  number  of  cases  the  deter- 
minations have  been  compared  with  the  compiitations  made  from  a 
complete  chemical  analysis. 

As  a  general  conclusion  it  is  pi'obably  possible  to  get  accurate 
results  with  all  the  commercial  forms  which  admit  of  standardization. 
In  fact,  it  is  quite  possible  to  get  identical  results,  by  i^roper  manage- 
ment and  correct  manipulation,  with  any  of  these  instruments.  The 
question  of  inaccuracy  cannot  be  raised  so  much  with  reference  to  the 
instrument  used  as  to  the  personal  habits  and  methods  of  manipula- 
tion, as  it  is  found  that  nearly  all  the  errors  in  calorimetric  deter- 
minations which  are  made  by  students  are  due  to  personal  errors  of 
observation.  The  errors  most  likely  to  be  made  are  those  jDertaining 
to  the  weighings  and  to  the  determination  of  moisture  which  may 
occur  in  the  samples  of  coal  during  the  manipulations. 

The  various  errors  which  are  made  in  calorimetric  determinations, 
other  than  those  pertaining  to  the  instrument,  may  be  summed  up  as 
follows: 

(1)  Errors  in  sampling. 

(2)  Errors  in  weighing  the  sample  or  the  residue  of  ash,  etc. 

(3)  Errors  caused  by  change  of  moisture  in  the  sample  during 

the  various  manipulations. 

(4)  Errors  in  weights  of  water  in  the  calorimeter. 

(5)  Errors  in  rise  of  temperature  of  water. 

(6)  Instrumental  errors. 

The  writer  will  consider  these  various  errors  in  the  above  order. 

(1)  Regarding  the  errors  in  sampling,  the  writer's  experience  has 
shown  that  if  the  directions  for  obtaining  the  sample  are  properly 
followed,  little  or  no  error  should  result  from  this  cause.  The 
practical  proof  of  this  assertion  is  the  uniformity  of  results  which  have 
been  obtained  in  the  laboratory  work  referred  to  with  a  great  number 
of  samples  of  coal,  taken  not  only  from  the  same  carload,  but  from 
diflerent  carloads  from  the  same  mine.  In  fact,  these  investigations 
rather  serve  to  show  a  decided  uniformity  in  the  value  of  the  com- 
bustible matter  of  the  coal  taken  from  an  entire  region.  The  only 
prominent  exception  to  this  is  the  coal  from  the  Clearfield  District, 
which  seems  to  vary  widely  in  character.  The  coals  from  most  of  the 
other  districts,  while  differing  greatly  from  each  other,  agree  very 
closely  when  from  the  same  mine.  Thus  there  is  reason  to  expect 
that  a  coal  from  the  Lehigh  anthracite  region  will  show  very  closely 
14  500  B.  T.  U.  per  jjound  of  combustible;  the  coals  from  the  districts 
further  west  and  which  are  classified  as  semi-anthracites,  usually  give 
a  heating  value  of  nearly  15  000  B.  T.  U.  per  pound  of  combustible. 
This  value  is  also  vei'y  closely  realized  by  the  bituminous  coals  in  the 
Pittsburg    district.     The    coals    found  in    about  the   same    latitude 
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Mr.  Carpenter,  as  Pittsburg  show  a  gradual  falling  off  in  heating  power  as  the 
source  of  supply  is  removed  westward  and  an  increase  in  amount  of 
moisture.  The  Hocking  Valley  coals  have  a  heating  value  of  ahout 
14  500  B.  T.  U.  per  jjound  of  combustible,  while  those  still  fiirther 
west  show  a  considerable  falling  off  in  value;  some  of  the  Illinois  coals 
showing  as  low  as  12  000  B.  T.  U.  per  pound  of  combustible  and  8  000 
or  10  000  B.  T.  U.  per  pound  of  coal.  This  regularity  in  the  quality 
of  coal  from  the  same  district  neutralizes  very  greatly  the  effect  of 
errors  of  sampling. 

(2)  The  sample  usually  selected  for  calorimetric  determination  has 
a  weight  of  about  1  gramme,  apjaroximately  -^^-q  lb.  It  is  not  feasible 
to  burn  very  much  larger  samples  of  coal  because  of  the  expense  of 
the  necessary  oxygen,  nor  is  it  necessary,  provided  the  weighing  be 
accurately  done  on  a  chemical  balance.  The  difficulties  of  securing 
perfect  combustion  would  also  increase  were  the  sample  made  much 
larger.  In  order  to  do  accurate  weighing,  a  person  must  understand 
the  use  of  a  chemical  balance.  This  is  not  a -difficult  machine  to 
master,  but  the  writer  finds  from  experience  that  engineers  are  so 
accustomed  to  work  with  large  quantities  that  more  errors  are  made  in 
its  use  than  in  performing  any  other  operation  connected  with  the 
calorimetric  determination,  except  the  temperature  readings.  There 
is,  of  course,  no  excuse  for  this  condition  of  affairs,  excejDt  that  engi- 
neers are  not  trained  to  make  fine  weighings.  Any  error  in  weighing 
affects  the  results  in  a  direct  proportion. 

(3)  The  samples  of  coal  should  be  shipped  in  a  hermetically  sealed 
jar,  so  as  to  retain  the  original  amount  of  moisture.  Coal  gives  up  or 
takes  up  moisture  very  readily  and  very  rapidly,  as  it  may  be  drier  or 
damper  than  the  air  of  the  room.  This  change  is  so  rapid  that,  if  the 
coal  as  originally  received  is  burned  in  the  caloi'imeter,  considerable 
error  may  result  from  a  change  of  moisture  contents  snificient  to  affect 
seriously  the  results,  between  the  time  of  taking  the  first  weights  and 
of  getting  the  coal  into  the  calorimeter.  This  error  can  be  obviated, 
in  large  part,  by  making  all  determinations  on  very  dry  coal.  The 
writer  onc3  presented  a  paper  before  the  American  Society  of  Mechan- 
ical Engineers  describing  the  Hygrometric  Qualities  of  Coal. 

(4)  Errors  of  weight  of  water  in  the  calorimeter  affect  the  results 
directly,  since,  in  most  cases,  the  heating  value  is  determined  from 
the  product  of  rise  of  temperature  and  weight  of  water;  the  water 
used  is  ordinarily  from  300  to  800  times  that  of  the  fuel  burned. 

(5)  Errors  in  rise  of  temperature  may  be  due  to  lack  of  uniform 
temperature  in  the  water  and  to  errors  in  thermometer  readings.  On 
account  of  the  large  amount  of  water  in  relation  to  the  fuel  burned, 
the  temperature  change  is  very  small,  and  great  care  must  be 
taken  in  temperature  determinations.  These  are  fully  as  likely  to 
occur  as  errors  in  weighing.  They  are  minimized  by  using  a  very 
accurate  thermometer  and  taking  the  readings  with  great  care. 
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(6)  The  errors  due  to  the  instrument  itself  and  inherent  in  it  can  Mr.  Carpenter, 
always   be   eliminated  by  a   process   of   standardization.       The   best 
method  of  standardizing  is,  doubtless,  the  burning  of  charcoal  made 
from  sugar,  and  this  is  recommended  by  the  German  chemists  as  the 
most  reliable  method  of  determining  instrumental  constants. 

It  appears  from  the  paper  that  Mr.  Hill  used  for  his  work  the 
writer's  calorimeter;  unfortunately,  his  determinations  have  been  made 
on  coals  whj.ch  the  writer  has  not  previously  tested,  and  consequently 
he  is  unable  to  give  any  results  which  could  be  used  to  verify  those  in 
the  paper.  The  results  seem,  however,  from  a  knowledge  of  coals  of 
adjacent  regions,  to  be  reasonable,  and  what  would  be  expected. 

Furthermore,  judging  from  the  method  of  use  of  the  instrument, 
and  of  the  care  and  accuracy  with  which  the  experiments  were 
performed,  the  results  can  be  adopted  as  accurate  and  reliable.  In 
numerous  cases  the  writer  has  checked  the  values  obtained  with  the 
calorimeter  used  by  Mr.  Hill  with  those  obtained  on  the  bomb  calori- 
meter, commonly  called  Mahler's,  and  when  the  experiments  l\ave 
been  carefully  jserformed,  no  error  exceeding  0.5%  was  found.  This 
is  about  the  limit  of  error  in  the  operation  of  the  instrument.  As 
both  of  the  instruments  mentioned  were  standardized  and  operated 
by  entirely  different  methods,  the  concurrence  of  results  would  indi- 
cate the  substantial  accuracy  of  both. 

Table  No.  30  gives  the  results  of  a  determination  of  two  samples 
of  coal  from  Wills  Creek,  Ohio,  made  with  the  Carpenter  calori- 
meter, together  with  a  computation  of  the  heating  value  from  a 
complete  chemical  analysis.  The  results  are  interesting  as  showing 
the  close  agreement  which  may  be  obtained  by  entirely  different 
methods. 

Heat  Value  of  Coal  by  Gomputalion. — A  complete  analysis  of  this  coal 
shows  the  following  constituents  of  the  volatile  matter: 
H4:.65%;  0  9A0%;  N1.U%;S1A3%. 

Combining  this  analysis  of  the  volatile  matter  with  the  approximate 
analysis  we  obtain: 

Volatile  matter,  20.31;  moisture,  5.73;  ash,  11.415;  fixed  carbon 
46.625. 

The  heating  vahie  in  B.  T.  U. ,  corresponding  to  the  analysis,  may 
be  calculated  by  the  formula 

h  =  14  650  [C  -f-  4.28  [H -  |-]]  +  3  740  *S' 
By  substitution 

h  =  14  650  [66.935;',(  -f  4.  28  {SA8%)]  +  53.6  =  12  038.7 
The  calorimetric  determination  for  this  sample,  which  was  used 
November  15th,  1898,  gave  12  031  B.  T.  U.  per  pound  of  coal. 

The  close  agreement  of  the  computation  with  the  calorimetric 
determination  indicates  the  correctness  of  the  determination  as  given. 
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Mr.  Carpenter.  The  coals  used  Oil  two  difierent  days  from  different  carloads  have 
heat  values  which  differ  from  each  other  by  less  than  0.5^^,  and, 
hence,  for  i^ractical  purposes  of  comparison,  they  may  be  considered 
identical. 

TABLE  No.  30.  —  Approximate  Analyses   and    Calokimetric  Deter- 
minations, Mechanicaij  Laboratory,  Sibley  CoiiLEGE, 
Cornell  University,  November  15th,  1898. 

Coal  used       Dry  coal.    Combustible 
First  sample.  as  received.         lOOJi"  100"^ 

Moisture 5.68  0  0 

Volatile  matter 36.17  38.35  43.70 

Fixed  carbon 46.61  49.42  56.30 

Ash  11.54  12.23  0 

B.  T.  U.,  from  calorimeter,  per 

pound 12  016  12  739  14  515 

Second  sample. 

Moisture 5.78  0  0 

Volatile  matter 36.29  38.52  43.76 

Fixed  carbon 46.64  49.50  56.24 

Ash 11.29  11.98  0 

B.  T.  U.,  from  calorimeter,  per 

pound 12  047  12  807  14  526 

Average. 
Moisture 5. 73  0  0 

Volatile  matter 36.23  38. 43  43. 73 

Fixed  carbon 46.625  49.46  56.27 

Ash 11.415  12.11  0 

B.  T.  U.  per  pound 12  031  12  773  14  520 

Note.— Coal  from  Wills  fcreek.  Ohio,  used  in  test  of  Wickes  boiler  at  Wyandotte, 
November  15th,  1898.  Sample  of  ash  contained  32.9%  of  combustible,  corresponding  to 
17.3°o  of  ash  in  the  test. 

The  writer  has  nothing  to  urge  in  relation  to  the  advantages  or 
disadvantages  of  any  particular  form  of  calorimeter,  although  doubt- 
less much  could  be  said  in  favor  of  or  against  any  particular  type, 
depending  upon  the  standpoint  from  which  the  subject  was  viewed. 
He  feels  positive  that  the  instrumental  errors  of  the  calorimeter  used 
by  Mr.  Hill  are  as  small  in  magnitude  and  as  few  in  number  as  in 
those  of  any  instrument  made. 
Mr.  Hill.  John  W.  Hill,  M.  Am.  Soc.  C.  E.  (by  letter).— It  should  be  under- 
stood that  these  tests,  primarily,  were  to  determine  the  relative 
physical  value,  under  uniform  conditions  of  service,  of  the  steam 
coals  available  in  the  Cincinnati  market,  especially  for  use  in  the 
City  Water  Department,  and  the  only  way  in  which  this  could  be 
accomplished  satisfactorily  was  by  firing  the  coals  in  the  Department 
boilers  by  the  Department  firemen.  To  avoid  interference  with  the 
regular  daily  ojieration  of  the  Water- Works,  the  Board  of  Adminis- 
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tration  required  that  the  tests  should  be  made  at  the  Hunt  Street  Mr.  Hill 
Puraping  Station,  which  has  at  all  times  a  small  surplus  of  power. 
It  required  that  the  coal  should  be  fired  in  boilers  which  had  no 
patented  appliances  esjjecially  adapted  to  one  class  or  kind  of  coal, 
and  that  the  steam  should  be  used  in  performing  the  daily  work  of 
the  pumping  station.  The  author  has  no  doubt  that  the  Galloway 
boilers  were  not  the  best  for  all  the  coals  tested,  but  believes  that 
they  were  the  best  which  could  be  had  at  the  Hunt  Street  Pumping 
Station.  With  reference  to  the  fitness  of  the  boilers  for  this  work,  Mr. 
Kent  evidently  has  overlooked  the  following  paragraph  on  page  (13: 

"It  is  quite  possible  that  the  boilers  used  in  these  tests  were  not 
the  best  for  all  the  coals  tested,  and  that  some  kinds  and  grades  of 
coal  suffered  accordingly;  biit  that  is  a  condition  which  i^erhaps  will 
always  be  found  true,  for  no  form  of  boiler  and  furnace  can  be  equally 
welladapted  to  every  variety  of  bituminous  (and  semi -bituminous) 
coal,  nor  could  changes  be  made  in  the  boiler  and  furnace,  and  in  the 
mode  of  firing,  for  the  different  kinds  of  coal,  without  raising  a 
susjiicion  in  the  investigator's  mind  that  by  so  doing  he  would  be 
favoring  one  coal  at  the  expense  of  another." 

And  on  page  85: 

"  Reference  to  the  physical  efficiencies  of  these  coals  (Table  No.  23), 
indicates  that  none  of  the  coals  was  giving  very  high  results,  and 
some,  undoubtedly,  were  worked  at  a  disadvantage,  although  the  evi- 
dences of  this  were  not  apparent  at  the  time;  but  high  efficiency  of  the 
low-grade  coals  cannot  always  be  attained  except  in  furnaces  especially 
adapted  for  them.  All  the  los.ses  of  heat  by  chimney  draft,  etc., 
should  be  limited  to  30%  of  the  ultimate  heat  value  of  the  coal;  and  in 
designing  boilers  and  furnaces,  due  regard  should  be  had  for  the  work 
to  be  performed  and  the  coal  to  be  used. " 

If  the  author  understands  Mr.  Kent  correctly  he  suggests  that  these 
different  coals  should  have  been  tried  under  different  boilers  and  by 
different  firemen.  Had  this  been  done,  it  would  have  been  impossible 
to  have  formed  any  correct  estimate  of  the  influence  of  boilers  and  fire- 
men on  the  several  coals,  and  would  wholly  have  failed  to  answer  the 
question  submitted  to  the  author  by  the  Board  of  Administration. 
Undoubtedly,  the  proper  method  for  the  determination  of  the  ultimate 
value  of  each  coal  would  have  been  to  test  it  with  several  kinds  of 
boilers  and  furnaces,  but  this  was  wholly  outside  the  scope  of  the 
author's  authority  or  opportunities  in  these  investigations. 

Mr.  Kent  seems  at  first  to  commend  the  internally-fired  boilers  used 
in  these  trials,  and  then  to  object  to  them,  because  the  furnace  was 
not  lined  with  fire-brick  to  secure  better  combustion  of  the  volatile 
matter  in  the  coals.  This  suggests  the  fire-box  boilers  for  some  kinds 
of  coals,  and  boilers  with  brick  furnaces  for  other  kinds  of  coals;  but 
since  all  these  coals  contained  from  '20  to  S5%  of  volatile  matter,  any 
objection  to  the  use  of  the  fire-box  boilers  for  the  bituminous  coals 
will  apply,  but  possibly  with  less  force,  when  used  with  semi-bitu- 
minous coals. 
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The  author  must  take  issue  with  Mr.  Kent  with  reference  to  the 
rate  of  evaporation  iised  in  these  tests.  The  Galloway  boilers,  and 
fire-box  boilers  generally,  which  have  come  under  the  author's  observa- 
tion, have  been  worked  successfully  at  much  higher  rates  than  that 
adopted  for  these  tests  (5.33  lbs.  of  steam  per  square  foot  of  heating 
surface  per  hour).  Indeed,  at  the  contract  trial  (from  which  some  data 
are  given  on  page  65),  these  boilers  wei'e  worked  at  the  rate  of  7.57  lbs. 
of  steam  per  square  foot  of  water-heating  surface  per  hour,  from  the 
temi^erature  of  feed  water  (193°  Fahr. )  to  steam  at  92.8  lbs.  by  gauge, 
or  at  a  rate  nearly  50^  higher  than  that  adopted  by  the  author.  Under 
this  condition  the  boilers  were  said  to  have  made,  with  Pittsburg  Nut 
coal,  12.40  lbs.  of  steam  from  and  at  212°  Fahr.  per  pound  of  com 
bustible.  The  trial  mentioned  was  made  by  the  late  Mr.  George  H. 
Sellers,  of  Wilmington,  Del. 

It  will  be  observed  that,  from  Mr.  Kent's  point  of  view,  the  coal 
(Pittsburg)  used  by  Mr.  Sellers,  by  reason  of  its  high  percentage  of 
volatile  matter,  was  peculiarly  unfitted  for  fire-box  boilers. 

With  reference  to  the  rate  of  work,  the  author  does  not  believe 
that  these  coals  should  be  burned  at  lower  rates  than  shown  in 
Column  6  of  Tables  Nos.  13,  14  and  15.  In  fact,  since  the  trials 
were  made,  it  has  been  thought  that  some  of  the  coals  were  burned 
at  too  low  a  rate,  per  square  foot  of  grate  surface  per  hour,  to 
obtain  the  best  efifects.  It  will  be  remembered  that  the  boilers 
were  worked  at  substantially  the  same  rate  of  evaporation  per 
square  foot  of  heating  surface  i>er  hour  for  all  coals,  and  the  extreme 
variation  from  the  average  rate  was,  with  one  exception,  within  5 
per  cent. 

The  extreme  ground,  assumed  by  Mr.  Kent,  that  the  boilers  were 
in  an  indifferent  condition,  driven  too  hard,  and  fired  by  inexperi- 
enced firemen,  is  wholly  unwarranted.  The  boilers  were  in  excellent 
condition,  regularly  cleaned  at  the  end  of  each  fourth  test,  and  the 
firemen  were  the  best  employed  by  the  City  Water  Department,  and 
possibly  were  as  exjjert  in  handling  these  coals  as  any  firemen  who 
were  available  for  these  tests. 

The  figures  quoted  by  Mr.  Kent  on  page  87  do  not  indicate  what 
he  terms  "variable  firing,"  but  do  indicate  the  variable  quality  of 
coal  from  the  same  dealers,  and,  presumably,  from  the  same  mine. 
Variations  of  5  or  6%  in  the  quality  of  coal  from  diff'erent  sources  and 
entries  of  the  same  mine  are  well  known.  In  fact,  in  a  given  seam  of 
coal  a  marked  variation  in  heating  power  may  be  found  at  different 
heights  in  the  seam. 

Considering  the  experimental  work  of  Professors  Lord  and  Haas,* 
which  shows,  by  the  Mahler  calorimeter,  extreme  variations  (on  com- 

*  Loc.  cit.,  page  73. 
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bustible)  in  different  samples  of  coal  from  the  same  measures,  the  fol-  Mr.  Hill. 

lowing  percentages  are  found : 

Pittsburg  coal ^-S 

Upper  Freeport  coal 5.5 

Mr.  Barrus,  *  from  calorimetric  tests  of  the  same  coals  (on  coal) 
obtained  the  following  percentage  variations : 

George's  Creek  (Cumberland),  coal 9.45 

New  Eiver  coal 4. 20 

Pocahontas  coal 6. 80 

Cleai-field  Coal 8.20 

The  Acme  coal  and  Coalburg  coal  are  supposed  to  be  from  the  same 
seam,  and  mined  12  miles  apart.  The  diflference  between  these  coals 
by  physical  tests  on  combustible  was  7.7  per  cent.  Again,  the  Cedar 
Grove  and  Belmont  coals  are  mined  by  the  same  parties,  on  the  same 
property,  the  seams  being  about  340  ft.  (vertical)  apart.  The  differ- 
ence between  these  coals  on  combustible  was  4.7  per  cent.  Part  of 
these  differences  may  be  due  to  variable  firing,  but  the  larger  portion  is 
due  to  variability  in  the  quality  of  the  coal  from  different  seams  on  the 
same  property,  or  from  the  same  seam  on  widely  separated  properties. 
Mr.  Kent's  comparison  of  the  coals  from  the  Pittsburg  mines,  to 
demonstrate  his  belief  that  the  firing  in  these  tests  was  variable,  is  not 
altogether  fair.  The  Brown  mines  and  the  Woods  mine  are  separated 
about  20  miles,  although  supposed  to  be  working  the  same  seam  of 
coal,  and,  in  view  of  the  reasonable  uniformity  of  the  several  grades  of 
coal  from  the  respective  mines,  the  comparison  for  variable  firing 
(upon  the  assumption,  which  is  not  true,  that  the  coal  is  of  uniform 
quality  throughout  the  seam)  should  be  made  upon  the  average  per- 
formance of  each  coal,  thus: 

Pounds  of  steam  per  poitnd  of 
Combustible  from  and 
Source  of  Coal.  at  312°  Fahr. 

Brown,  four  samples 9 .42 

Catsburg,  four  samples 9 .  46 

Cincinnati,  two  samples 9 . 29 

Woods,  four  samples 9 .  60 

Monongah  (West  Virginia),  one  sample 9.58 

All  these  coals  are  from  the  Pittsburg  measures,  and  the  com- 
bustible in  the  nut  and  slack  is  as  good  as  in  the  higher  grades  of  coal. 
Upon  this  showing,  the  extreme  difference  in  the  performance,  and  (by 
Mr.  Kent's  method  of  reasoning)  variability  of  firing,  is  3.23%";  or,  if 
the  Cincinnati  coal  is  omitted,  the  difference  in  these  coals  is  less  than 
1.2  per  cent.  The  Cincinnati  coal,  in  both  physical  tests  and  by  the 
calorimeter,  falls  distinctly  under  the  other  twelve  samples  from  the 
Pittsburg  seam. 

*Loc.  cit.,  page  73. 
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Mr.  Hill.  The  theory  that  all  kinds  of  coal  such  as  the  author  investigated 
will  give  a  fairly  uniform  eflBciency  in  any  given  type  of  boiler,  is  a 
novel  proposition  to  the  author,  and  is  scarcely  consistent  with  Mr. 
Kent's  original  siTggestion,  that  these  boilers  were  not  well  suited  to 
all  the  coals  tested.  Experience  has  taught  the  author  that  the 
jjhysical  efficiency  of  a  given  coal  will  depend  very  much  upon  the 
adaptability  of  the  boiler  and  furnace  to  that  coal,  and  variations  in 
efficiency  must  be  anticipated  when  a  single  type  of  boiler  and  furnace 
is  used  with  different  kinds  of  coal. 

Long  before  these  investigations,  the  author  had  made  many  experi- 
ments on  coals  with  the  Thompson  form  of  calorimeter,  and  had 
studied  carefully  all  the  available  literature  with  reference  to  the  use 
of  the  Berthelot  bomb  and  other  methods  proposed  for  the  determina- 
tion of  the  heating  power  of  fuels,  and  reached  the  conclusion  that 
if  the  heat  value  of  any  substance  had  been  accurately  determined  by 
any  form  of  calorimeter,  it  was  that  of  carbon;  and  if  the  heating  value 
of  pure  carbon  burning  without  ash  is  now  known,  that  the  Carpenter 
instrument  would  furnish  as  accurate  and  reliable  resiilts,  when 
properly  standardized,  as  the  Berthelot  or  any  other  form  of  bomb> 
and,  therefore,  he  adopted  it  for  these  investigations. 

In  order  to  check  his  work,  as  well  as  could  be  done  from  the  avail- 
able data.  Table  No.  20  was  compiled.  From  this  it  appears  that,  with 
coal  from  a  given  locality,  no  startling  differences  occur  between  the 
work  of  the  author  and  that  of  Messrs.  Hale  and  Williams  with  a  modi- 
fied form  of  Berthelot  bomb;  of  Professor  Carpenter  with  his  own 
instrument;  and  of  Professors  Lord  and  Haas  with  the  Mahler  bomb;, 
and  these  diflferences  are  no  greater  than  each  experimenter  probably 
has  obtained  in  his  own  work. 

The  author  sees  no  greater  difficulty  in  standardizing  the  Carpenter 
calorimeter  by  pure  carbon  than  in  standardizing  the  Berthelot  bomb 
by  naphthalene,  orany  other  substance  of  supposed  known  heat  value. 
In  one  case,  the  heating  power  of  pure  carbon  is  assumed  to  have  been 
accurately  determined,  and  in  the  other  case,  the  heating  power  of 
naj)hthalene  is  assumed  to  have  been  accurately  determined.  So  far  as 
combustion  of  the  coal  sample  is  concerned,  there  is  no  reason  why  it 
should  not  be  as  complete  and  perfect  in  the  combustion  chamber  of 
the  Carpenter  instrument  as  in  the  combustion  chamber  of  the  bomb; 
nor  does  it  appear  to  the  aiithor  any  more  difficult  to  account  for  the 
total  heat  of  combustion  in  the  Carpenter  instrument  than  in  the 
Berthelot  or  Mahler  bombs. 

The  use,  in  excess,  of  pure  oxygen  under  pressure  insures  perfect 
and  complete  combustion,  thiis  avoiding  the  usual  loss  due  to  imper- 
fect combustion  of  the  volatile  matter  in  coal,  when  burned  under 
steam  boilers,  and  insuring  by  the  j^resence  of  pure  oxygen,  the  con- 
version of  all  combustible  matter  into  carbon  dioxid,  sulphuric  acid 
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and  watei'.     In  using  the  Carpenter  instrument,  it  is  not  convenient  Mr.  Hill, 
to  collect  the  nitric  acid  obtained  from  the  sixbstance  burned  if  nitrogen 
be  present,  nor  is  this  necessary,  because  the  heat  liberated  in  con- 
verting the  nitrogen  into  nitric  acid  seldom  exceeds  one-third  of  1% 
of  the  total  heat  of  the  substance. 

The  advantage  of  the  Carpenter  over  all  other  forms  of  coal  calori- 
meter is  in  its  simplicity  of  form  and  operation,  and  the  readiness 
with  which  the  notes  may  be  reduced,  thus  avoiding  the  possible  errors 
of  complicated  apparatus  and  tedious  computation. 

In  reply  to  Mr.  Kent's  remark  under  Table  No.  29,  that  in  one 
instance  (Cincinnati  3d  Pool  coal)  the  author's  calorimetric  work  is  not 
entitled  to  credit,  Table  No.  31,  comparing  the  results  obtained  by  the 
author,  with  the  results  obtained  from  the  same  kinds  of  coals  by  Pro- 
fessors Lord  and  Haas,  and  Professor  Carpenter  is  offered. 

TABLE  No.  31.— B.  T.  U.  Pek  Pound  op  Coat;. 


Kind  of  Coal. 

Author. 

Lord  and  Haas. 

Carpenter. 

New  River 

15  163 
15  133 
14  536 
13  348 
12  733* 

ii'goe 

14  020 
13  607 
13  136t 

15  094 

Thacker .                   

Pittsburg  (av  ) 

Southern  Ohio 

New  River 

Pocahontas 

Thacker 

Pittsburg  (av.). 
Southern  Ohio. . 


B.  T.  U.  Pee  Pound  of  Combustible. 

15  757 
15  458 
15  554 
14  237 

14  218* 


15  750 
15  230 
14  960 
14  0.50t 


*  Average  Hocking  Valley  and  Jackson  coals. 
t  Hocking  "Valley  coal. 

The  author  does  not  know  whether  Mr.  Kent  considers  the  calori- 
metric work  of  the  other  investigators  as  entitled  to  credit,  but  if  he 
does,  it  seems  that  the  differences  in  heating  value  of  the  parallel  coals 
tested  are  not  so  large  as  to  suggest  grave  errors  in  the  author's  work. 
The  extreme  difference  in  the  author's  work  on  the  Pittsburg  (Penn- 
sylvania) coals,  by  physical  tests,  is  3.23%,  and  by  calorimeter  (on 
combustible)  2.4%",  which  seems  to  indicate  that  Mr.  Kent  has  made  a 
mistake  in  rejecting  the  calorimetric  valua  of  Pittsburg-Cincinnati  coal 
in  his  Table  No.  29. 

It  may  be  observed  in  passing,  that,  in  Table  No.  29,  Mr.  Kent  does  not 
attempt  to  fit  his  curve  to  the  Ohio  coals  having  nearly  the  same  jjercent- 
age  of  fixed  carbon  in  the  net  combustible  as  the  Pittsburg  and  some  of 
the  Kanawha  coals,  doubtless  for  the  reasons  which  he  gives  on  page  90. 

The  heats  given  by  Mr.  Kent's  curve  for  semi-bituminous  coals 
containing  about  80%"  of  fixed  carbon  in  the  combustible,  agree  well 
with  the  results  obtained  by  the  calorimeter,  but,  for  coals  much  lower 
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Mr.  Hill,  in  fixed  carbon,  the  differences  are  too  great  to  admit  of  using  the  curve 
for  either  practical  or  scientific  purposes. 

For  more  than  half  a  century  it  has  been  held  that  the  heating  value 
of  bituminous  and  semi-bituminous  coals  was  directly  proiJortional  to 
the  percentage  of  fixed  carbon  in  the  combustible  matter,  although 
there  is  a  limit  to  the  application  of  this  theory,  because  it  is  well 
known  that  the  heat  energy  jser  unit  of  weight  is  less  for  the  anthra- 
cite coals  than  for  the  semi-bituminous  coals,  like  New  River,  Cum- 
berland and  Pocahontas,  and  a  point  is  reached  in  the  ratio  of  the 
fixed  carbon  to  volatile  matter  which  indicates  the  highest  heat  value 
theoretically  attainable  in  coal.  Above  this  point  or  ratio  of  fixed 
carbon  to  volatile  matter,  the  thermal  value  of  the  coal  declines  until  it 
reaches  pure  carbon,  with  a  heating  value  of  14  650  B.  T.  U.  per 
pound,  and  below  this  the  heating  value  declines  in  an  increasing  ratio 
until  the  low  value  of  12  200  B.  T.  U.  per  pound  is  reached,  with  a 
combiistible  of  which  50/j^  is  fixed  carbon  and  50%  volatile  matter. 

The  author  does  not  share  Mr.  Bryan's  fear  that  serious  errors  in  the 
amount  of  coal  charged  to  each  trial,  respectively,  might  have  arisen 
from  the  method  of  starting  and  stopping  the  trials,  considering  that 
each  of  the  foiir  furnaces  was  fired  from  four  to  five  times  per  hour. 
If  all  the  furnaces  had  been  charged  with  green  coal  just  before  a  trial 
was  started,  and  the  grates  left  bare  at  the  end  of  the  trial,  the  maxi- 
mum error  in  the  coal  charged  would  have  been  lh%;  but  with  the 
fires  on  each  of  the  four  grates  burned  down  to  the  lowest  point, 
while  maintaining  the  steam  pressure  at  the  beginning  and  end  of 
each  trial,  the  probable  error  in  the  weight  of  coal  charged  must  have 
been  much  less  than  the  usual  errors  of  observation.  During  the  last 
30  minutes,  just  before  starting  and  stopping  each  trial,  the  firemen 
were  under  constant  supervision,  in  order  to  avoid  an  excess  or  defici- 
ency of  coal  on  the  grates,  while  maintaining  the  steam  pressure  and 
the  speed  of  the  pumping  engine.* 

Considering  the  temperature  at  which  the  feed-water  was  of  neces- 
sity measured,!  the  meters  seem  to  be  the  best  device  for  the  purpose. 
Under  other  conditions  than  those  described  in  the  paper,  the  author 
agrees  with  Mr.  Bryan  that  it  is  preferable  to  weigh  the  water  to  the 
boilers. 

With  reference  to  cleaning  the  boilers  before  Trial  No.  50J  the  paper 
neglects  to  state  that  the  boiler's  were  cleaned  inside  and  out,  and  the 
grates  and  bridge-wall  thoroughly  overhauled  and  made  equal  to  new. 
In  view  of  the  relative  value  of  New  River  and  Pocahontas  coals,  it 
is  singular  that  the  Navy  Department  has  not  accorded  the  former  coal 
the  rating  which  it  deserves.     The  author  understands,  unofficially, 

*  Refer  to  paragraph  bottom  of  page  3S  and  top  of  page  33. 
t  Refer  to  paragraph  bottom  of  page  33  and  top  of  page  34. 
t  Refer  to  page  41.  "  Condition  of  Boilers." 
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tliat  New  River  coal  is  rated  at  90,  Pocahontas  coal  being  taken  as  the  Mr.  Hill, 
standard  at  100;  while,  in  fact,   under  the  steam  boilers  by  physical 
test,  and  upon  the  heating  value  by  both  coal  and  combustible,  New 
River  coal  possesses  a  slight  advantage  over  Pocahontas   coal,  and 
should  be  rated  as  high  as  the  latter. 

In  burning  all  coals  under  steam  boilers,  only  a  fraction  of  the  total 
heat  goes  into  the  water  in  the  boilers.  The  remainder,  which  is  lost 
for  useful  effect,  is  represented  by  the  heat  required  to  produce 
chimney  draft,  by  evaporation  of  moisture  in  the  air  which  passes 
through  the  furnaces  and  boilers,  by  evaporation  of  the  moisture  in 
the  coal,  by  the  latent  heat  in  the  gases  of  combustion,  and  by  radia- 
tion and  conduction  of  heat  from  the  exposed  surfaces  of  furnaces  and 
boilers.  Notes  sufficient  to  show  the  losses  of  heat  in  detail  were  not 
taken  during  these  tests,  nor  was  it  at  the  time  thought  necessary,  be- 
cause all  the  coals  were  burned  in  the  same  boilers,  by  the  same  fire- 
men, and  under  uniform  conditions  of  practice,  and  with  "  compara- 
tive "  rather  than  "ultimate"  effects  in  view. 
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ON  THE  THEORY  OF  CONCRETE. 

By  Geokge  W.  Eaptek,  M.  Am.  Soc.  C.  E. 
Pkesented  June  7th,  1899. 

WITH  DISCUSSION. 

While  employed  on  the  original  Genesee  storage  investigation  in 
1893,  the  author  made  a  study  of  the  available  material  for  the  con- 
struction of  a  high  dam  on  the  Genesee  River,  near  Mount  Morris,  N. 
Y.,  the  stiidy  including  the  fabrication  of  173  blocks  of  concrete  in 
cubes  of  1  ft.  each;  the  cement  used  including  Cumming's  Natural 
Buffalo  cement,  Newman's  Akron,  Bangs  and  Gaynor's  Fayetteville, 
Norton's  Eosendale,  Millem's  Way  land  Portland  and  Saylor's  Portland. 

Tests  were  made,  at  the  same  time,  of  the  voids  in  the  local  sand 
and  in  the  different  stones  used  as  aggregates,  and  also  of  the  tensile 
strength  of  the  several  cements.  The  results  of  these  tests  may  be 
found  in  Ajjpendix  E  of  the  Annual  Report  of  the  State  Engineer  and 
Surveyor  of  New  York,  for  the  fiscal  year  ending  September  30th,  1894. 

In  1896,  further  tests  were  made,  which  included  the  fabrication  of 
644  additional  concrete  foot-cubes,  the  cements  tested  including  Whit- 
more,  Rauber  and  Vicinus'  Genesee  brand,  Millem's  Wayland,  the 
Glens  Falls  Portland  Cement  Company's  Iron-Clad  brand,  the  Empire 
Portland    Cement    Company's   Empire    brand,   the    Silica    Portland 
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Cement  Company's  Champion  brand,  Cumming's  Buffalo  Portland  and 
Cumming's  Buffalo  Natural.  The  detail  of  this  second  set  of  tests 
may  be  found  in  the  Appendix  to  the  Annual  Reisort  of  the  State  Engi- 
neer and  Surveyor  of  New  York,  for  the  fiscal  year  ending  Sejjtember 
30th,  1897,  to  which  reference  may  be  made. 

Tables  Nos.  1  and  2  embody  certain  results  of  the  second  series  of 
tests  made  in  1896,  which,  to  a  large  extent,  are  not  included  in  the 
report  to  the  State  Engineer,  and  which  have  seemed  to  the  author  to 
be  of  possible  interest  to  the  members  of  the  Society.  They  are,  there- 
fore, submitted  for  comment  and  criticism. 

The  following  explanations  are  condensed  from  the  author's  report 
to  the  State  Engineer  on  these  tests. 

The  leading  ideas  of  the  tests  made  in  1896  were:  (1)  To  determine 
the  strength  of  concretes  fabricated  with  either  dry  mortars,  plastic 
mortars  or  mortars  with  an  excess  of  water;  (2)  to  determine  the  effect 
on  concrete  of  exj^osure  to  the  weather;  and  (3)  to  determine  the  rela- 
tive value  for  use  in  concrete  of  the  Portland  cements  manufactured 
in  the  State  of  New  York.  The  various  qualities  of  mortar  used  are 
designated  by  the  words  "  dry,"  "plastic  "  and  "  excess."  In  the  dry 
blocks  the  mortar  was  only  a  little  more  moist  than  damp  earth.  In 
the  plastic  blocks  the  mortar  was  of  the  ordinary  consistency  used  by 
masons.  In  the  excess  blocks  the  water  was  so  far  in  excess  that  the 
concrete  quaked  like  liver,  under  moderate  ramming. 

The  serial  number  of  Table  No.  1  represents  a  complete  series  as 
designated  by  the  Arabic  numeral  and  the  letters  "a,"  " b  "  and  " c  " 
of  Table  No.  1  of  the  concrete  report.*  Thus,  by  way  of  illustration. 
Series  1  of  Table  No.  1  is  a  combination  of  blocks  1,"  la,  lb  and  Ic  of 
Table  No.  1  of  the  rejjort ;  Series  2  of  Table  No.  1  represents  blocks  2, 
2a,  2b  and  2c  of  Table  No.  1  of  the  report,  and  so  on.  The  headings  of 
the  several  columns  of  Table  No.  1  are  self-explanatory.  The  blocks 
were  broken  on  the  large  Government  testing  machine  at  the  Water- 
town  Arsenal. 

*  On  referring  to  Table  No.  1  of  the  report  on  concrete  in  the  Annual  Report  of  the 
State  Engineer  and  Surveyor  of  New  York,  for  1897,  it  will  be  observed  that  the  blocks 
were  made  in  series  of  four.  Those  designated  by  the  Arabic  numeral  were  placed  in 
water  when  taken  from  the  molds,  and  allowed  to  remain  until  December  1st,  1896,  when 
they  were  buried  in  sand,  where  they  remained  until  taken  out  for  shipment  January 
10th  and  11th,  1898.  Blocks  marked  with  the  Arabic  numeral  and  the  letter  "a"  stood  in 
a  cool  cellar  from  the  time  of  taking  from  the  molds  until  shipped.  Blocks  marked  with 
the  Arabic  numeral  and  the  letter  "b"  were  placed  in  open  air  when  taken  from  the 
molds,  and  exposed  to  the  weather  until  shipped.  Blocks  marked  with  the  Arabic 
numeral  and  the  letter  '-c"  were  placed  in  open  weather  when  taken  from  the  molds, 
covered  with  burlap  and  wet  with  water  several  times  a  day  until  November  1st,  1896, 
after  which  time  they  took  the  weather  as  it  came,  until  shipped. 
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Tlie  formulas  by  Avliich  the  quantities  in  columns  (14),  (17),  (18)  and 
(19)  have  been  calculated,  are  as  follows: 

FORMTJIiA   FOR   CoiiUMN  (14). 

I  Dry  cement  used  )  (  Mortar  used  in  )  ,  t%„„  „„„„„*.  „„„j  i  ,  ri„i„-„  *^„v.  *  i 
\  in  batch  of  con- '  :  \  batch  of  con-  i : :  ^'^^i'!^!?*  "^^^  I  .  Cubic  feet  of 
I     Crete,  f      (     crete,  \       *       m  mortar,        j       |    mortar  made;    / 

or,  Column  (14),  :  Column  (11),  :  :  Column  (7),  :  Column  (9). 

FoKMXTIiA   FOR   COLUMN  (17). 

I  Number  volumes  1  ,  n^r^^„t  „„^h    •     , 

J     mortar  in  con-     .    (  One   volume    of  1  .  .  \  Mortar       origin-  /  .    \  ^ITf  il   ^f   S,^j? 

I      creteforoneof  (■  ■  "/          cement,          1  '  •  /        ally  madef       \  '  ',     bateh  of   mor- ^ 

1     cement,              J                                                          '  (     tai ,                     ) 

or,  Column  (17),  :  1,  :  :  Column  (9),  :  Column  (7). 


Formula  for  Column  (18). 


Number  volumes  i 


st'Snf  useHn     .    (One    volume    of  »  .  J  ^tone     used     in  ,       ^Dry  cement  used  ^ 
I     concrete       for  |  •   ,         cement.  (••]     ^fete       '  (  "  "i     '^rett  '^''( 

[     one  of  cement,    I  '     *^'*^^*''  '       '     °'^®'^®'  ' 

or,  Colunm  (18),  :  1,  :  :  Column  (12),  :  Column  (14). 

Formula  for  Column  (19). 

(Number  volumes  I  p,           .  a    ■    \ 

J      concrete  made  1   .  \  One    volume    of  I  .  .  (  Concrete      actu-  (   .  j  ^I'Jf^*  "f*^°   '°  ' 

1     for  one  volume  I  •  /         cement,          r  •  "i       ally  made,        i   •   )     °!f ?f^  ^^    ^'^^-  C 

[     of  cement  used,  J  '     ^^^^^'  ' 

or,  Column  (19),  :  1,  ::  Column  (13),  :  Column  (14). 

In  reference  to  column  (10)  of  Table  No.  1  the  author  holds  that  an 
erroneous  nomenclature  has  considerably  obscured  the  theory  and 
practice  of  concrete  work,  so  much  so  that  very  few  contractors  and 
engineers  have  other  than  exceedingly  general  ideas  as  to  the  real 
theory  of  what  is  in  effect  a  very  simple  matter,  there  being,  indeed, 
very  little  necessary  except  to  insure  the  tilling  of  the  voids  in  the 
aggregate  material  with  mortar.  In  the  author's  opinion,  therefore, 
the  proper  form  of  expressing  concrete  relations  is  not  by  parts  1:2: 
5;  1:  3:  7,  etc.;  but  rather  to  express  the  volume  of  mortar  as  a  per- 
centage of  the  volume  of  stone,  the  percentage  figure  used  being  large 
enough  to  represent  a  little  more  than  the  voids  in  the  stone  after 
thorough  ramming.  The  chief  object  of  this  paper,  therefore,  is 
to  point  out:  (1)  The  relation  existing  between  the  old  nomenclature 
and  the  new,  as  proposed  by  the  author,  and,  (2)  to  present  a  brief 
resume  of  the  results  given  in  detail  in  the  report  to  the  State  Engineer 
and  Surveyor. 

In  Table  No.  2  the  series  have  been  arranged  for  the  different  pro- 
portions of  cement  experimented  upon  with  reference  to  the  consistency 
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of  the  mortar,  the  proportion  of  sand  and  cement  and  the  percentage  of 
mortar  actually  used  in  each  series.  Thus,  in  the  first  part  of  Table  No.  2 
we  find  compared  the  Genesee,  Way  land  and  Champion  cements  for  dry 
mortars  with  the  proportion  of  sand  to  cement  1  to  1  and  the  mortar 
33%'  of  the  aggregate.  In  the  second  division  of  Table  No.  2  the  same 
cements  are  compared  with  reference  to  plastic  mortars,  other  con- 
ditions remaining  the  same;  and  in  the  third  division  they  are  com- 
pared with  reference  to  excess  mortars,  other  conditions  remaining  the 
same,  and  so  on,  through  this  table  to  the  summary. 

Column  1  of  Table  No.  2  gives  the  serial  number,  the  figures  there 
appearing  corresponding  not  only  to  Table  No.  1  of  this  paper,  but 
also  to  Table  No.  1  of  the  report  to  the  State  Engineer  and  Surveyor; 
columns  (8),  (17),  (18),  (19)  and  (20)  of  this  table  are  the  same  as  the  corre- 
spondingly numbered  columns  of  Table  No.  1  of  this  pa^^er.  Column 
A  of  Table  No.  2  gives  the  percentage  of  shrinkage  due  to  ramming. 
Thus,  column  (18)  represents  the  actual  quantity  of  stone  used,  and 
column  (19)  the  actual  quantity  of  concrete  obtained  from  mortar 
and  stone  as  per  columns  (17)  and  (18).  In  the  case  of  the  Genesee, 
Wayland  and  Champion  brands,  1  to  1  mortar,  33%"  in  the  aggregate 
was  tried;  this  shrinkage  is  found  to  be,  as  a  mean,  9.3%;  for  the  same 
cements  in  plastic  mortar,  other  conditions  the  same,  the  shrinkage  is 
9.1%,  and  for  excess  mortars,  9.2  per  cent.  Broadly,  it  may  be  said, 
therefore,  that  for  1  to  1  mortars,  using  33%  of  the  aggregate,  with 
thorotigh  ramming,  about  9%  shrinkage  maybe  expected.  In  the  same 
way,  with  1  to  1  mortars,  40%  of  the  aggregate,  about  7%  shrinkage 
may  be  expected.  Similar  relations,  which  may  be  traced  through  the 
entire  series  of  tests,  are  conveniently  summarized  in  Table  No.  3. 

It  will  be  noticed  in  studying  Table  No.  2,  that  a  few  of  the  results 
are  somewhat  irregular.  On  this  point  the  author  can  only  say  that 
very  thorough  precautions  were  taken  to  have  the  results  reasonably 
accurate.  Probably  the  irregular  results  are  largely  due  to  occasional 
variations  in  the  quality  of  the  broken  stone  used  for  these  tests. 
There  were  also  some  variations  in  the  sand,  the  weight  per  cubic 
foot  varying  from  about  86.5  to  93.5  pounds.  So  far  as  the  author 
can  see,  there  is  no  way  of  avoiding  such  variations  except  by  deter- 
mining the  voids  in  the  aggregate  material  for  every  series  of  blocks 
and  by  actually  drying  the  sand  to  a  uniform  consistency.  It  may 
be  pointed   out,    however,  that    such    procedure   would    defeat   the 
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chief  object  for  which  these  tests  wei'e  made,  namely,  to  work  out 
methods  of  procedure  which  could  be  conveniently  applied  in  prac- 
tice, without  unduly  adding  to  the  cost  of  concrete.  From  this  point  of 
view  the  author  considers  the  tests  here  discussed  as  exceedingly  satis- 
factory. They  are  in  the  fullest  sense  practical  results  which  may  be 
carried  out  on  work  by  anybody  who  will  give  the  theory  of  concrete 
moderate  study. 

It  may  be  further  pointed  out  that  columns  (15)  to  (19)  of  Table 
No.  1  furnish  ready  means  of  computing  the  jjroportionate  parts  of  the 
ingredients  for  any  given  volume  of  concrete. 

Many  other  details  could  be  given,  but  inasmuch  as  the  object  of 
this  paper  is  to  merely  call  attention  to  the  real  points  at  issue  in 
concrete  fabrication  and  not  to  repeat  statements  already  in  print  in 
the  place  cited,  all  details  other  than  those  actually  necessary  for  an 
understanding  of  the  tables  of  this  paper  have  been  omitted.  The  re- 
sults are,  therefore,  submitted  in  the  hope  that  they  may  finally  lead 
to  more  rational  concrete  practice. 


JS^Sg 


RAFTER    ON"   THE   THEORY    OF   CONCRETE. 

.  _L  u^  k^  t^  ^^  ^^  'm        Serial  number. 


CDOD<l05CT*.05tO'-'OCD(Xl<!OSC 
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K 


Consistency  of  mortar. 


Brand  of  cement. 


"J    I    Parts  of  cement  by  volume. 


>^  ce  is  >(^  CO  (0  (W  t 


'iwi-'c»oiif>.o:i-'*.cowi( 


Parts  of  sand  by  volume. 


£2S§S£58i25S??gg 


Water  used,  in  pounds  per 
cubic  foot  of  mortar. 


Cement   actually  used,  in 
cubic  feet. 


■  oototots  — ^OfOto*.co^^ 


Sand     actually      used,    in 
cubic  feet. 


tOfOMMtCiOlCl-'i-'tOfOJOi-'tONltOl-'KircUlMMOSlO 

-Kioi-joaocsoscsoit^cncnjbasoococw^OTCooio 


Mortar  actually  made  from 
water,  cement  and  sand,  as 
per  columns  (6),  (7)  and  (8). 


oooooc 


JMOOOOSOS03        O 


Stone:    Ratio    to     mortar. 
Percentage. 


JOlWOIOTOIO-'OSOOSOiOSOSO 


JO-i^-JOOO-<!-J-3       ^-^ 


Mortar  actually  used  in 
making  the  quantities  of 
concrete  shown  in  column 
(13).    Cubic  feet. 


?mmuTcnmCTc;»cnc;»c;Tc;? 


V  CI  en  ct  m  ut  en  or  c 


Stone  actually  used.  Cubic 
feet. 


SSSSS^S? 


;gS    3 


Concrete  actually  made 
from  mortar  and  stone  as 
per  columns  (11)  and  (13). 
Cubic  feet. 


OOOOOOOOOOOOOOOOOi-iOOOOOO 


Dry  cement  actually  used 
in  batch  of  concrete  as  per 
column  (13).    Cubic  feet. 


>&.MtOhl^COt«C*iOi-'Cn*.COl-'OJ! 


*^WKl*^MNa5K)i-'CT*.M 

i-'OT^#..iO 

^-^^zntsz 

OMM 

g§ggSgS£2§8Sgg 

sggg^ 

gg!Sg;§ 

ggfe 

ooooto-Jc-.tDos^SSomSESoo 

,4^000  0=t 

-=D-5 

OCCtO^JO^GOtCiOOOgl4^m050<: 


a-^vi' 

<lO:OC02*^W->OC*-05  4^^-'Dc' 

00  OS  »  ffl  00  C5 

Sfcg: 

gSg8S:2SS:?fe8SS: 

SSfeggg 

'tONlCO^-'i-'tOCOit^tSbSli.tOt 


Mean  ultimate  strength  of  each 
series  of  blocks  in  pounds  per 
square  inch. 
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c^  If 

£SS=:SSS§g82Sg2SSg^SS2gg2Sgag2SgSSSg822S3S:3SS2a2:23  -    1 

(3) 

Dry. 

Plastic. 

Excess. 

Dry. 
Plastic. 
Excess. 

Dry. 
Plastic. 
Excess. 

Dry. 
Plastic. 
Excess. 

Dry. 
Plastic. 
Excess. 
Plastic. 

? 

M 

9 

e 

^                3 

'  ::  '  r  I  r  ::  r  r  r  :  r  J  :.  r  r  pn   p  p  p  j  p  ro    " 

o 

s            K^ 

*.  CO  ta  4^  W  10  >4^  OS  M  il^  M  10  i(^  03  Nl  *^  M  N.  *.  CO  to  *.  CO  IS  *.    ^ 

MtOU,cv-w^s--wv^         w..>.        w.w        WW 

§sgsg§ 

gSSSSSSg§8S^SSI8E§g§§8S.5^8gSS 

S8g 

"  * 

OOSiOOIWO 

l-'0*.C;<iO*>.K>OOC>50500i-'!D-J*.Ol^-3i-'NiOeo-5-l 

*.oo-. 

COM  '^U.J  '"'iicW  ^ih'M  '^^M.J  ^^«»  ^.Si«W  '^.SliKC-MS  ^.*-U»  '■'.a-Ul  =  ^.=l-U«*.U.S-U»W.Kl-UM^rtMa»0  ^K<-M»  ^^     ^ 

to  10  to  to  lO  SO  »o  to  iO  to  to^  to  10_H- N)  to_^  to  to  to  bO  »0  Kl  10  -J 

~  --«„  '-  ~«„  ~  ~«„  ~  "<.;„  ■■-  --„„  --  --«„ 

^o^OlO^OMMW^o^o^o  —  lo»o^clo^s^o»CKl^«Nl»o^o^ototolotaiOto^Ol-'^oto"^oNl^-'tctc.»o^o^otoN)^ 

S£§^SSifeSSgSSSS^feSS5^§;^§gS£2§S5;SS8^£§3S^2Si3lSg!§|S§a3 

ggggg-gggggggggggcogggggggggggggccgcoogcocccogggggggg  1 

►^^.^►-lK^t-^^l-L^^^-l-L>^^^H^^^^^»^*-»^^-»--k-K-ll-l^^l-lH-  — H^H^  — t-'l-'^^l-'^-'h-l-'l-'k^.-'k-^-^-'M 

ooboboaeaocxboaibobooocnbiCT'CTcninCTcnuiCBbcboQOCBCEacaDboCT                                                                  i? 

tf.,^4^^.4^^.4^^*.*.*.*.*.*.^^.*.^^*.*.^*.*.*.^*.*.*.*.,^*.*.*.*-*.*.*.*^*^*.*.^^-^^    "^ 

bi en CTOTOtcn cjii« wbi c.cibtCTCTOTCTbtCTOibibibiwwCTc^b»CTc;ibibTCTOTOT zn'ai hibi'oi'oibi bi'zn'ax  3 

^h^^Sij^SSSSSSS^'^S 

^^^o^^^^SSSSSSSSS^^^ 

?sss 

ooooi-'ooi-'ooi-'ocoooooooooooooooooooooooooooooooo  -p 
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-p 
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»m OTW m uicncrtcn UTCTcnc;! oiOTmuiurmCTCjTOTOT  w 


^^^CCODOCODOD^^OO 


J  -}<!<!  <i  -I-J  <i  -i 


^^^^0DCX)QCJO00DC»ia;00tO00<!CX)-^-*OC 


oooooooooooooooi-'Oooo'-'Ooooi-'Ooooooooocooooi-'OOOH-'  'p 
bi  -J  05  *■.  OS  M  *.bi  05  ii  bt  ic  ii  bi '-}  b  M  *>.  oi  <J  oi(^  Ic^  ct'-<!  b  W  Co'ife'-^  GO  M  1^ 

t**-tOO>^tOCr»C;TQOC;T050iC;iK^»t*OC005'-'h*i.OODOtOCJ(l-iO:OCnOD03050Cn-lt-i^?OCrtOOOOCCO>-iC5GO    ^^ 


:to>i^o:t9>(>.09t04^utouii;>.03ts>-'Cn>i 


itOH-'Oi*»05tci-'cni( 


5tOOTOStO*.MtOi(^OitOOT*..05tOi-'Cn>t>.OStOi-'*^*..03lOi-'Cn*.OStOl-iCHi(».05tOlOCHJ^COtO"ife.&5lO>-'    '^ 


OC05CnO-ltOO<!t05DC»tOC0005ift-tOOOOO*.l-'OOOOJll^a't0500:OTOTlOCO-J030lt05005i*^OCCC»4^ 

k^'8"^^g^8'g^'s'g'gi^^fe£Jg"^'gfeS^b"skg8i3£^kS88'^"ggis^8ggg"s^g"S 


-sj  m  CO  CD  Ol '-*  «C>  <I  t-' CD  •<?  •      O  •<?  Ul  4^  *-*  O -^  in  05  •      CD  <l  Cn  CO  CO '-' 00  Ol  4^  CC  "-^  00  OS  Cn  *».  l-^  00  05  4^  •      OOOSCC     F» 

2 S8 ^'ggg's'gg^:  "^a-ggg^kk'g:  ggs^kgg'gg; a§Mi sM^ktMiLs is^ ji. 


CD^'*t^OCOiti^OtOtO'---^00050D05  0TO<!OCOCDH-^i:Drt*Oii--'^CO--3*».OSO<l'^)^-JOO;00'^OS-Q*''^ 


112 


EAFTER    ON   THE   THEORY    OF   CONCRETE. 


TABLE  No.  2. — Conckete  Blocks  with  Moktak  B3%  of  the  Ag- 
CtKegate,  est  Compaeison  with  Blocks  in  which  the  Mortak  was 
4:0%  of  the  Aggregate. 


Serial 
number. 


Brand  of  cement. 


Percentage 

of 
shrinkage. 


Mean  ulti- 
mate 
strength  of 
each  series, 
in  pounds 
per  square 
inch. 


(1)       I 


(3) 


Wayland  . . 
Champion. 


(17) 


(18) 


(19)        I 


Genesee 

Dry  1  :  1 
1.58 
1.50 
1.64 

a3,V  Mori 
4.71 
4.50 
5.00 

AR. 

4  130 

Wayland          

4.08          

4  267 

4.53          

2  659 

Means 

1.57 

4.74 

4.30                  9.3 

12 

GeneSee 

Plastic  1 
1.75 
2.17 
1.58 

1.    33,V  Mortar. 
5.25                4.77 

3  505 

Wavland 

6.50 
4.79 

5.90 
4.35 

4  072 

2  593 

Means 

1.83 

5.51 

5.01 

9.1 

Excess  1:1.    33,V  Mortar. 


Dry  1  : 1.    40^  Mortar. 
1.72  4.30        I        3.98 

1.57  3.90  3.70 


49  

Wayland 

Plastic  1 
1.67 
1.66 

1.    40.V  Mo 
4.12 
4.16 

RTAR. 

3.86 

3.77 

Means 

1.66 

4.14 

3.82 

25. 

Genesee 

Excess  1 : 
1.67 
1.75 
1.68 

1.    40^  Mo 
4.16 
4.37 

4.20 

*TAR 

3.85 

54 

Wayland 

4.05 

110 

4.00 

Means 

1.70 

4.24 

3.97 

16 

Genesee 

1.66 

4.98 
5.23 
5.11 

4.54 
4.75 
4.64 

o   ann 

39 

Wayland 

3   764 

S  279 

Means 

1.70 

5.11 

4.64 

9.2 

4  123 
2  603 


3  191 

3  256 

2  196 

6.4 

I 

Genesee 

Dry  1  : 2 
2.40 
2.19 
2.64 
2.49 
2.37 

33;^    MoRTAR. 
7.14                6.90 



2  852 

30 

Wayland 

6.62 
8.04 
7.50 
7.14 

6.12 
7.28 
6.80 
6.61 

2  888 

59 

3  265 

2  289 

Means 

2.42 

7.29 

6.74 

7.5 
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TABLE  No.  'i.— [Continued). 


(1)     I 


(3) 


Genesee . . . 
Way  laud  . . 
Ironclad. . . 

Empire 

[Champion. 


I        (I'')        I 


Excess  1  :  2.    33;^"  Mortar. 


2.21 
2.04 
2.40 
2.63 


2.35 
Dry  1 


6.23 

7.25 
7.50 
7.50 


6.06 
5.55 


2.    40.V  Mortar. 


Excess  1 :  2.    Ad'i  Mortar. 


(30) 


35 

Wayland 

Plastic  1 
2.44 
2.56 
2.39 
2.42 

2.    33^  Mortar. 
7.39                6.75 

2  777 

Ironclad 

7.76 
6.71 
7.25 

7.04 
6.09 
6.58 

2  552 

80 

2  529 

99 

2  146 

Means 

2.45 

7.28 

6.62 

9.1 

2  524 

2  847 
2  436 
2  899 
1  862 


19 

2.58 
2.54 
2.50 
2.52 
2.06 

6.43 
6.35 
6.25 
6.33 
5.18 

6.54 

5.87 
5.78 
5.87 
4.90 

2  988 

45 

Wayland 

3  404 

3  217 

86 

3  413 

105. 

Champion . 

2  204 

Means 

2.44 

6.11 

5.79 

5.3 

99 

Plastic  1 
2.25 
2.54 
2.69 
2.56 
2.44 
2.54 

2.    40%-  Mortar. 
5.62                5.26 

2  962 

50. 

Wayland . 

6.43 
6.71 
6.43 
6.08 
6.43 

5.96 
6.22 
5.96 
5.62 
5.96 

2  960 

71 

Ironclad 

2  9S4 

89.. 

3  101 

108. 

Champion 

2  037 

113... 

...[Buffak)  Portland.. 



1  717 

1 
...Means 

2.50 

6.28 

5.83 

7.1 

26 

Genesee 

2.75 
2. .58 
2.63 
2.56 

2.48 

6.82 
6.43 
6.51 
6.43 
6.18 

6.19 
5.96 
6.03 
5.96 
5.71 

2  544 

55 

Wayland 

3  168 

74 

Ironclad 

2  866 

92 

2  729 

111 

1  711 

Means 

2.60 

6.47 

5.97 

7.1 

Plastic  1  : 
3.38 

Wayland 

3.18 

Ironclad. 

3.31 
3.44 
3.26 
3.25 

Empire 

Champion 

Means  

3.30 

3.    2&X  Mortar. 


2.97 
3.12 
3.26 
3.25 
3.17 

8.93 
9. 38 

9.78 
9.78 
9.59 

8.63 
8.69 
9.06 
8.62 
8.90 

3  065 

Wayland 

2  056 

1  501 

1  992 

Champion 

1  401 

Means 

3.15 

9.49 

8.78 

7.5 

10  14 

8.70 

gioe 

9.27 

8.87 

2  311 

9.57 

2  207 

10  00 

1  750 

10  23 

2  014 

9.78 

1  337 

9  80 

2  616 

9.92 

8  89 

10.4 
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TABLE   No.  'i,— {Continued). 


(1)     I 


(3) 


18. 


[Genesee ... 

41 Wayland.. 

66 Ironclad... 

84 Empire 

103 Champion. 


I        (17)       I 
Excess  1  : 3. 

3.24 
3.12 
3.44 
3.44 
3.00 


(18)        I  (19)      I 

)&X  Mortar. 


9.78 
9.37 
10.23 
10.23 

y.oo 


8.50 
9.26 
9.26 
8.16 


Dry  1  :  3.    40;^'  Mortar. 


Excess  1  :  3.    40%  Mortar. 


2  255 

1  718 
1  898 
1  168 

20... 

3.00 
3.26 
3.32 
3.23 

3;35 

7.50 
8.18 
8.32 
8.03 
8.03 
8.12 

7  22 

2  213 

46... 

Wayland 

7.59 
7.73 
7.43 

7.44 
6.78 

2  179 

69 

.  Ironclad 

1  929 

87... 

2  376 

106.. 

...iChampion 

1  400 

5... 

2  423 

...(Means 

3.21 

8.03 

7.36 

8.4 

23 

Plastic  1  : 

3:32 
3.38 
3.32 

3;29 

3.    40%  Mortar 
8.03        1        7.44 

2  054 

61 

Wayland 

8.29 
8.38 
8.33 
8.18 
8.18 

7.68 
7.70 
7.75 

7.58 
7.58 

2  027 

72 

1  839 

90 

Empire 

Champion 

109 

1  193 

114 

Buffalo  Portland.. 

958 

Means 

3.31 

8.23 

7.62 

7.3 

27 

3.50 
3.38 
3.40 
3.44 
3.44 

8.80 
8.34 
8.50 
8.58 
8.65 

8.00 
7.75 

7.86 
8.00 

2  107 

56. 

Wayland. 

2  016 

75 

Ironclad 

1  913 

112 

Champion 

1  127 

Means 

3.43 

8.57 

7.90 

7.8 

Plastic  1  :  4. 


3 

42. 

Genesee 

Wayhmd        

Excess  1 
3.83 
4  24 

67 

5.00 

85 

Empire 

4  42 

Means 

4.37 

4.    33%  Mortar. 


11.62 
12.71 
15.00 
13.24 


9.54 
11.70 
13.90 
12.00 


9  

Genesee. 

4.00 
4.24 
4.24 
4.26 

12.19 
12.86 
12.85 
12.85 

11.79 
11.66 
11.90 
11.65 

2  059 

Wayland 

Ironclad 

Empire 

1  810 

61 

1  412 

79 

1  666 

Means 

4.18 

12.69 

11.75 

7.4 

14 

Genesee 

Wayland 

Ironclad 

Empire 

4.28 
4.24 
4.24 
4.38 

i       12.86 

1       12.80 

12.85 

13.24 

11.70 
11.34 
11.62 
12.00 

2  036 
1  600 

37 

64 • 

1  434 

82 

1  523 

Means 

4.28 

12.94 

11.66 

9.9 

2  416 
1  767 
1  594 

1  488 
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TABLE  No.  1.  — [Concluded). 


(3) 


I        (17)        I        (18)        I          (19)      I  (A)        I        (30) 


31... 

Dry  1  :  4 

4.34 
4.13 
4.34 

4Q%  Mortar. 
10.97         

1  973 

47... 

...Wayland 

(Ironclad 

10.71 
10.46 
10.71 

9.93 

1  671 

70 

9.70 
9.91 

1  652 

88 

Empire           

1  806 

Means 

4.24 

10.71 

9.84 

8.1 

24 

4.34 
4.34 
4.46 
4.36 

10.90 
10.97 
11.35 
10.71 

10.16 
10.17 

1  838 

52 

Wayland 

1  750 

73 

1  544 

91 

Empire 

9.93 

1  726 

Means 

4.35 

10.96 

10.09 

8.0 

6 

Excess  1  : 
4.35 
4.16 
4.34 
4.54 
4.34 

4.    m°4  Mortar. 
10.63                8.31 

i      2  132 

10.40 
10.97 
11.35 
10.97 

1  846 

57 

Wayland 

10.17 
10.43 

f       1  670 

76 

1      1  508 

94 

Empire. 

....                  1  472 

Means 

4.33 

10.84 

9.64 

11.0          1 

Genesee. . 
Wayland  . 


Dry  1  :  5.    33x^  Mortar. 
4.92        I      14.70 
5.16  15.41  U.l 


1  664 
1  537 


15 jGenesee.. 

38 Wayland. 


5.00 
5.00 


15.00 
15.00 


13.73 
13.60 


1  801 
1  586 
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TABLE  No.  3. 
Stjmmaby  of  Conckete  Tests  in  Table  No.  2. 


II 

33^ 

o   . 

If 

405^ 

Col. 

(17)  of 
Table 
No.  2. 

Col. 
(18)  of 
Table 
No.  2. 

Col. 
(19)  of 
Table 
No.  2. 

Per 
cent,  of 
shrink- 
age. 

Col. 
(17)  of 
Table 
No.  2. 

Col. 
(18)  of 
Table 
No.  2. 

Col. 
(19)  of 
Table 
No.  2. 

shrink- 
age. 


Dry 

..      3 

1.57 

Plastic 

Excess 

Dry. 

..      3 
..      3 

5 

1.83 
1.70 

2  42 

Plastic 

Excess.  . . . 

..      4 
..      5 

2.45 
2.35 

Dry 

Plastic, 


Dry 

Plastic,. 


1  TO  1  Mortar. 

4.74 
5.51 
5.11 

4.30          9.3 
5.01           9.1 
4.64           9.2 

2 
2 
3 

1.64 
1.66 
1.70 

4.10 
4.14 
4.24 

3!97 

2  TO  1  Mortar 
7.29     I     6.74     I      7.4 
7.28         6.62  9.1 
7.02     I     6.36     I      9.4 

3  TO  1  Mortar. 
9.49     I     8.78     I      7.5     11 
9.92         8.89         10.4 
9.72     I     8. as     I      9.2     II 

4  TO  1  Mortar. 
12.69     I  11.75    I      7.4    || 
12.94       11.66  9.0 
13.14     I  11.78    I     10.4      I 


2.44 
2.50 
3.60 


6.12 

5.89 

6.28 

5.83 

6.47 

5.97 

6 

3.21 

8.03 

7.36 

6 

3.31 

8.23 

7  62 

5 

3.43 

8.57 

7.90 

4.24 
4.35 
4.33 


10.71 
10.96 
10.84 


9.84 
10.09 


8.1 
7.9 
11.1 


Dry. 

2 
2 
1 

5.04 
5.00 
5.08 

15.05 
15.00 
15.20 

5  TO  1  Mortar. 
14  29    1      5  1     It    1 

sioo 

5.24 

11.25 
12.50 
12.90 

Plastic 

Excess 

13.66 
13.60 

9.1 
10.5 

1 
1 

11.56 

7.5 
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DISCUSSION 


C.  E.  FowiiER,  M.  Am.  Soc.  C  E. — This  subject  has  impressed  the  Mr.  Fowler, 
speaker  as  being  a  very  important  one,  for  the  reason  that  in  figuring 
on  work  he  has,  as  a  rule,  found  that  engineers  and  contractors  know 
only  approximately  the  quantities  of  cement,  sand  and  broken  stone 
to  order  for  a  given  number  of  yards  of  concrete  of  certain  specified 
proportions.  The  most  convenient  way  of  determining  these  quanti- 
ties is  to  prepare  tables  from  which  the  amounts  required  for  a  yard 
of  concrete  of  any  proportion  may  be  taken,  using  only  such  propor- 
tions as  have  the  voids  in  the  stone  entirely  or  more  than  filled. 

Many  writers  on  this  subject  have  assumed  that  every  concrete,  no 
matter  what  the  proportions  may  be,  has  simply  a  yard  of  broken 
stone,  without  regard  to  the  fact  that  there  is  more  or  less  mortar  in 
different  proportions.  In  making  up  a  table  of  this  sort  the  speaker 
used  the  i^roportions  of  mortar  given  in  Baker's  "Masonry  Construc- 
tion," but  found  that  this  did  not  agree  with  actual  practice.  These 
tables  in  "  Masonry  Construction  "  were  made  up  from  theoretical 
considerations,  and  it  is  understood  that  they  are  to  be  revised  in  a 
new  edition. 

TABLE  No.  4. — Poktlani*  Cement  Concrete. 


1 

2. 
3. 
4 
5. 
6. 

7, 
8, 
9. 

10. 

11 

12 
13 
14, 
15. 


Propor- 
tions. 


1-2-3 
l-2-3i 
1-2-4 
l-2^i 
1-2-5 
1-2-5^ 

1-3-4 
l-3-4i 
1-3-5 
l-3-5i 
1-3-6 


1-4-6 
l-4-6i 
1-4-7 
1-4-7.^ 
1^8 


Barrels 
cement. 


1.77 
1.68 
1.59 
1.48 

I'.SO 
1.30 

liie 

1.09 
1.04 

1.00 
0.96 
0.92 

0.83 


Cubic  Yards         Stone, 
sand.  0.4  voids. 


0.51 
0.49 
0.47 
0.44 
0.42 
0.40 

0.57 
0.54 

0150 
0.48 

0.55 
0.53 
0.51 
0.49 
0.47 


0.87 
0.91 
0.95 
1.00 


0.83 

0^92 
0.97 
1.00 


0.91 
0.94 
0.97 
1.00 


Stone, 
0.5  voids. 


1.05 
1.10 
1.15 
1.20 


1.06 
1.11 
1.16 
1.30 


1.09 
1.13 
1.17 
1.21 
1.25 


About  34  cu.  ft.  loose  =  1  cu.  yd.  rammed. 
Labor  =  ^  to  2  cu.  yds.  per  man  per  day. 


Table  No.  4  was  made  up  some  years  ago  by  comparison  with 
actual  cases,  and  has  been  found  to  give  very  satisfactory  results  in 
practice.     The  column  for  broken  stone  with  0.4  voids  will  represent 
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>lr.  Fowler,  closely  ordinary  broken  limestone  wliicli  chips  up  more  than  a  harder 
stone  and  consequently  has  less  voids;  while  the  column  with  0.5  voids 
represents  trap  rock,  the  break  in  which  is  more  angular.  It  will  be 
readily  seen  from  the  table  for  Portland  cement  concrete  that  certain 
proportions  will  not  have  the  voids  filled  and  should  not  be  used. 
For  example,  with  1  to  3  mortar  and  with  stone  having  0. 4  voids  all 
the  concrete  given  will  have  the  voids  filled,  or  more  than  filled,  while 
with  0.5  voids  only  the  1-3-4  (No.  7)  will  have  the  voids  filled.  The 
table  is  made  up  on  the  basis  of  shrinkage  under  ramming  of  about 
7  cu.  ft.,  and  3.8  cu.  ft.  of  cement  to  a  barrel. 

In  a  recent  paper  presented  to  the  Society,  one  of  the  members 
stated  that  concrete  was  not  a  fit  material  for  piers  of  railway  bridges, 
unless  a  pedestal  block  of  stone  was  used  on  which  to  rest  the  masonry 
plates.  The  speaker  would  refer  that  member  to  the  engineers  of  half 
a  dozen  large  western  roads,  who  use  concrete  for  piers,  and  allow  the 
bed  plates  to  rest  directly  upon  the  concrete.  Concrete  is  certainly 
better  than  most  stone,  except  granite,  and  probably  50^  better  than 
much  of  the  stone  commonly  used. 

Mr.  Tillson.  G.  W.  Tlllson,  M.  Am.  Soc.  C.  E. — The  speaker  has  had  some  ex- 
perience in  the  last  few  years  in  mixing  concrete  for  street  work,  by 
hand  and  by  machinery.  For  such  work,  the  layer  of  concrete  is  com- 
paratively thin,  only  6  ins.  thick,  as  a  rule,  and  the  mixer,  if  a  machine 
is  used,  must  be  moved  forward  to  keep  out  of  the  way  of  the  finished 
work.  In  Brooklyn,  for  the  last  two  or  three  years,  almost  all  the 
concrete  for  street  pavements  has  been  mixed  by  machinery  such 
as  described  by  Mr.  Gould.  The  method  of  procedure,  however,  is 
a  little  different.  The  sand  and  cement  are  first  thoroughly  mixed 
dry,  in  the  proper  proportions,  on  one  side  of  the  machine.  The  stone 
is  all  delivered  on  the  opposite  side  and  is  dumped  on  a  plank  plat- 
form. Before  the  stone  is  used,  it  is  thoroughly  wet.  A  gas  pipe, 
perforated  throughout  its  length  and  running  lengthwise  inside  the 
cylinder  of  the  machine,  admits  the  water.  Then,  when  the  cement 
and  sand  are  so  mixed  as  to  produce  a  good  mortar,  an  inspection  of 
the  material  as  it  comes  from  the  machine  indicates  whether  or  not 
the  stone  is  in  the  proper  proportion  to  give  a  good  concrete.  Good 
concrete  cannot  be  obtained  without  good  mortar.  The  specifications 
call  for  a  1:  2:  4  mixture,  and,  generally,  there  are  two  men  shoveling 
in  the  material  on  the  cement  side  and  four  men  on  the  stone  side, 
and  the  shoveling  is  continuous,  on  both  sides,  until  the  machine  has 
to  be  moved.  The  mixer  has  a  gate  at  the  lower  end,  attended  by  a 
man  who  dumps  the  concrete  into  the  wheel-barrows.  In  that  way, 
wdth  proper  care,  the  result  is  as  good  as  if  the  work  was  done  by 
hand,  if  not  better.  In  both  cases  the  quality  dej^ends  entirely  upon 
the  work  being  done  properly  and  systematically.  Good  concrete  can 
be   obtained   when  mixed  either  by  hand  or  by  machinery.     When 
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mixed  by  hand,  the  difficulty  is,  as  has  been  said,  to  have  the  mixing  Mr.  Tillson. 
done  thoroughly.     It  is  hard  work,  and  in  warm  weather  the  laborers 
will  get  through  with  a  batch  as  soon  as  possible. 

In  making  machine-mixed  concrete  the  difficulty  is  to  supply  the 
ingredients  in  the  projjer  proportions,  so  tjiat  there  shall  not  be  an 
excess  of  any  single  material.  The  stone  and  cement  should  be  put 
in  at  regular  intervals.  Their  supply  will  be  graded  very  nicely  after 
the  men  have  worked  at  it  a  little  while,  especially  if  the  foreman 
understands  the  work.  There  is  great  danger,  however,  in  using  a 
machine,  if  both  the  foreman  and  the  men  are  inexperienced. 

The  relative  costs  of  the  two  methods,  as  nearly  as  the  speaker  has 
been  able  to  estimate  roughly,  by  counting  the  number  of  men  on 
gangs  working  by  each,  are  about  7  cents  for  the  machine-mixed  and 
10  cents  for  the  hand-mixed  concrete  j)er  square  yard,  6  ins.  deep. 
This  will  doubtless  vary  10%,  either  way,  according  to  the  contractor 
or  the  foreman. 

The  speaker  has  found  the  amount  of  water  that  should  be  used  to 
be  dependent  upon  conditions.  A  dry  concrete  will  give  good  results 
in  cool  weather,  and  the  same  mixture,  in  warm  weather,  will  be  of 
practically  no  value.  When  the  weather  is  very  hot,  and  when  con- 
crete has  to  be  exposed  to  the  air,  as  when  used  as  foundation  for  an 
asphalt  pavement,  unless  it  is  mixed  quite  wet  the  water  dries  out  so 
rapidly,  for  the  first  inch  at  least,  that  there  is  no  chance  for  the 
chemical  action  to  set  in.  The  result  is,  that  the  concrete  is  dry,  and, 
in  many  cases,  is  readily  disintegrated  near  the  surface,  when,  under 
other  conditions,  good  results  would  have  been  obtained.  The 
speaker  believes  that  it  is  safer  to  make  a  concrete  a  little  wet  rather 
than  a  little  dry,  and  he  had  the  idea  that  hand-made  concrete  was 
better,  in  the  abstract,  than  machine-made  concrete,  but  judging 
from  some  hand-made  work  seen  recently,  he  believes  it  fair  to  say 
that  the  machine-made  concrete  is  just  as  good  as  the  hand-made,  and 
that  its  quality,  in  both  cases,  depends  greatly  on  the  care  taken  in 
mixing. 

H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — The  presence  of  dust  in  the  Mr.  Dunhai 
concrete  has  been  mentioned.  In  certain  parts  of  the  country  large 
quantities  of  limestone  are  crushed  for  use  in  blast  furnaces,  and  in 
some  establishments  the  limestone  is  also  crushed  for  concrete.  They 
have,  altogether,  a  heterogeneous  product;  some  of  it  is  very  coarse 
and  is  used  in  mills,  some  is  of  fine  grades  and  is  used  for  walks  when 
it  can  be  disposed  of  for  that  purpose,  some  is  crushed  to  pass 
through  a  2^  or  2-in.  ring,  as  the  case  may  be,  for  regular  concrete,  and 
there  is  also  a  product,  called  dust-screenings,  which  resembles  a 
mixture  of  half  flour  and  half  Indian  meal,  with  some  pieces  as  large 
as  a  kernel  of  corn. 

The  speaker  was  desirous  to  see  the  effect  of  treating  that  dust  in 
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Mr.  Dvmham.  connection  with  concrete  just  as  one  would  treat  sand.  He,  therefore,^ 
made  a  mixture  in  proportions  of  1  part  cement,  2^  parts  dust  and  3J 
parts  broken  stone  of  about  the  size  which  would  pass  through  a  2-in. 
ring.  A  block  of  about  9  ins.  in  each  dimension  was  made,  kept  for  a 
period  of  two  or  three  weeks  and  tested.  It  was  loaded  to  the  limit  of 
3  tons  to  the  square  foot,  which  was  more  than  it  was  required  to  bear 
in  the  place  where  it  was  to  be  used,  and  showed  no  sign  of  fracture  or 
disintegration.  It  seemed  to  be  entirely  satisfactory.  American 
cement  of  ordinary  grade  was  used,  and,  to  appreciate  the  condition 
fully,  it  would  be  necessary  to  see  the  so-called  dust.  It  was  material 
which  could  not  well  be  shoveled  if  there  was  any  wind. 

In  an  experiment  regarding  the  voids  in  crushed  limestone,  an 
ordinary  metal  receptacle  was  first  filled  with  the  large  broken  stone, 
2-in.  ballast,  and  then  with  water,  and  it  was  found  that  the  quantity 
of  water  required  was  substantially  the  same  as  that  required  to  fill  to 
overflowing  the  same  vessel  after  it  had  been  completely  filled  with 
this  so-called  dtist;  showing  that  the  limestone,  whatever  its  condition 
— probably  it  would  hold  true  for  any  grade  between  those  two — 
■would  require  substantially  the  same  amoujit  of  water  to  completely 
saturate  it  and  fill  the  voids. 
Mr.  Gkjuld.  E.  Sheeman  Gould,  M.  Am.  Soc.  C.  E. — In  regard  to  the  com- 
parative merits  and  qiialityof  hand-made  and  machine-made  concrete, 
the  speaker  thinks  the  impression  is  somewhat  general  that  the  hand- 
made concrete  is  the  better,  but  he  does  not  know  how  that  has  been 
ascertained,  whether  by  actual  examination  or  by  thinking  that  it 
ought  to  be  the  best  because  it  is  hand-made.  Hand-made  work  of 
all  kinds  is  often  looked  upon  as  being  sujjerior.  The  speaker  has 
been  led  to  take  a  difierent  view^,  and  in  his  own  experience,  as  far  as 
he  has  been  able  to  judge,  without  applying  any  critical  test,  such  as 
testing  the  tensile  or  crushing  strength  of  large  blocks,  but  just  from 
the  appearance  of  the  concrete,  he  has  been  led  to  think  that  the 
machine-made  product  was  the  better;  and  it  is  natural  that  it  should 
be,  because  the  mixing  of  the  ingredients  of  concrete,  being  one  of  the 
hardest  kinds  of  work  that  a  man  can  do,  is  often  slighted.  The 
material  must  be  turned  over  thoroughly;  the  shovels  must  go  down 
to  the  bottom  of  the  heap  until  they  scrape  against  the  boards  of  the 
platform,  and  the  mixture  miist  be  picked  up  from  the  bottom  and 
turned  over  again  and  again.  On  the  other  hand,  when  the  i^roduct 
is  put  in  a  machine  and  stirred  around  mechanically  there  must  be  a 
more  complete  and  regular  mixing  than  could  otherwise  be  obtained. 
No  doubt  there  are  several  ways  of  making  machine-made  concrete. 
The  only  machine  the  speaker  has  used  is  one  with  a  metallic  shaft 
running  through  the  box,  with  fins  or  fans  working  in  the  material ;  the 
box  being  on  a  slant  and  the  material  fed  in  at  one  end  and  out  at  the 
other.     The  comparisons  of  hand-made  and   machine-made    concrete 
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were  made  on  work  which  the  speaker  was  execiiting,  and  when,  in  Mr.  (Jould. 
order  to  gain  time,  he  supplemented  the  machine  by  gangs  of  men 
making  the  concrete  by  hand  in  the  ordinary  way,  and  using  the  same 
proportions  as  in  the  machine;  the  relative  merits  of  the  two  products 
were  judged  in  that  way.  The  method  of  making  the  machine-made 
concrete  was  as  follows:  The  sand  and  cement  were  measured  out  on 
the  platform  surrounding  the  machine  and  mixed  dry,  only  one  batch 
being  mixed  at  a  time.  The  proportions  were  1  of  cement,  3  of  sand 
and  6  of  broken  stone.  The  stone  was  crushed  in  a  machine.  At  first 
it  was  screened,  but  was  afterward  used  just  as  it  came  from  the 
crusher,  and  it  was  believed  that  the  results  were  better,  or  at  least 
as  good.  A  barrel  of  cement  was  mixed  dry  with  3  barrels  of  sand, 
and  each  barrel  of  stone  was  thoroughly  wet.  The  stone  was  emptied 
out  on  the  jjlatform,  and  then  the  stone  and  mortar  were  shoveled  into 
the  mixer.  After  a  short  time  the  men  got  accustomed  to  the  rate  at 
which  the  stone  and  mortar  should  go  in,  so  that  by  the  time  all  the 
stone  was  gone,  all  the  mortar  was  also  used  up  and  the  bed  was 
cleaned  off.  The  water  was  fed  in  and  was  regulated  by  a  valve  man- 
aged by  a  man  who  stood  at  the  lower  end  of  the  machine  so  that  he 
could  see  the  concrete  as  it  fed  out  into  the  iron  wagons,  by  which  it 
was  conveyed  to  the  work.  After  a  little  while  the  man  who  was 
managing  the  water  valve  knew  the  proper  consistency  ;  if  the 
concrete  was  too  wet  or  too  dry,  word  was  sent  to  him  and  he 
regulated  the  water  accordingly.  The  sj)eaker  feels  quite  sure  that 
no  hand-made  concrete,  using  the  same  proportions,  could  equal  that 
machine-made  product,  because  of  the  thorough  way  in  which  it  was 
churned  up. 

Another  point,  with  which  the  speaker  agrees  fiilly,  is  that  although 
in  a  laboratory  experiment  the  drj  mortar  or  concrete  is  stronger,  yet 
in  practice  it  is  very  ai3t  to  be  weaker,  and  although  too  much  water 
is  bad,  too  little  is  a  great  deal  worse.  That  has  always  been  an 
axiom  with  the  speaker,  and  he  has  found  it  was  difficult  to  get  the 
necessary  amount  of  tamjiing  done  to  bring  up  the  moist  surface  on 
the  dry  concrete,  without  which  it  is  worthless  and  ought  to  be 
removed.  If  the  concrete  is  so  dry  that  tamping  fails  to  bring  the 
moisture  to  the  surface — indeed  it  ought  to  be  almost  a  water  surface 
rather  than  mere  damj^ness — the  concrete  is  worthless  and  should  be 
taken  out.  By  jjutting  in  a  little  more  water,  however,  this  is  avoided, 
the  work  is  certainly  done  more  quickly  and,  on  the  whole,  a  better 
result  is  obtained.  The  speaker  was  brought  up  in  the  dry  school, 
and  got  his  first  education  in  concrete  making  from  General  Gillmore 
on  work  which  he  was  executing  for  him  in  the  rebuilding  of  Forts 
Sumter  and  Moultrie,  in  Charleston  Harbor.  All  the  work  there  was 
done  according  to  General  Gillmore's  directions,  under  rules  which 
he  had  given.     It  is  certain  that  a  very  fine  concrete  was  produced, 
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Mr.  Gould,  but  it  was  with  great  labor,  and  was  done  by  day's  work.  If  anything 
was  at  all  wrong  the  concrete  was  simply  taken  out  and  the  work 
started  over  again,  nothing  which  was  at  all  imperfect  being  allowed 
to  remain.  The  speaker,  however,  gradually  came  around  to  a  freer 
use  of  water,  and  thinks  that  it  gives,  upon  the  whole,  a  better  result. 
One  reason  is  that  in  making  successive  beds  of  concrete,  if  they  are 
being  brought  up  in  4  or  6-in.  layers,  which  is  apt  to  be  the  case,  the 
last  bed  tamped  makes  a  better  bond  with  the  next  bed  put  on  if  it  is 
a  little  more  moist.  The  speaker  is  quite  convinced  that  a  section 
through  a  large  mass  of  concrete  which  has  been  constructed  of  very 
dry  6-in.  layers  would  be  very  apt  to  show  jjartings  between  the  suc- 
cessive beds.  That  may  or  may  not  be,  but  the  speaker  would  rather 
expect  to  find  it,  and,  more  than  that,  he  would  be  afraid  that  the  dry 
bed  had  immediately  taken  a  set  and  that  the  placing  of  the  other  bed 
upon  it  and  the  tamping — the  influence  of  tamping,  of  course,  is  felt 
through  the  entire  bed— would  have  a  rather  disastrous  effect  upon 
the  partially  set  concrete  in  the  bed  below;  whereas,  if  it  is  more  moist 
the  set  does  not  take  place  so  rajiidly,  and  there  is  not  the  same  danger 
in  j)ounding  on  a  bed  of  concrete  which  has  just  commenced  to  take  a 
set.  In  other  words,  if  every  jDossible  precaution  be  taken  and  the 
work  is  done  under  able  and  constant  inspection,  it  is  probable  that  a 
little  stronger  and  better  product  may  be  obtained  with  a  very  dry 
mixture;  yet,  taking  contract  work  as  it  is  done  all  over  the  country, 
there  is  a  better  chance  to  get  a  good  result  if  everything  is  kept  a 
little  moist. 

After  concrete  has  been  placed,  a  very  important  detail  is  to  keep 
it  constantly  wet  until  it  is  covered  over  with  whatever  material  is  to 
come  on  it.  Concrete  is  largely  used  for  foundations  upon  which 
stone  work  is  built,  but  in  the  speaker's  practice  all  exposed  concrete 
is  kept  wet  for  an  indefinite  period.  He  has  had  concrete  watered 
every  day  and  kept  constantly  wet  for  probably  two  or  three  weeks 
after  it  had  set.  In  using  hydraulic  cement,  which  is  the  only  kind 
ever  used  now,  the  great  point  is  to  let  it  always  have  plenty  of  water, 
and,  after  the  concrete  is  all  finished,  no  matter  how  much  water  has 
been  used  in  making  and  placing  it,  it  should  be  kept  constantly  wet, 
not  by  dashing  water  on  it,  but  by  sprinkling.  The  longer  this  can 
be  done,  the  better. 

The  experiment  mentioned  by  Mr.  Conrow  was  conclusive  as  regards 
that  particular  hand-made  and  machine-made  concrete,  but  the  speaker 
does  not  think  that  the  two  can  be  spoken  of  so  generally  as  that. 
Good  hand-made  concrete  would  be  better  than  bad  machine-made 
concrete  and  vice  versa.  The  only  way  to  settle  the  matter  satis- 
factorily would  be  to  test  the  very  best  of  each  kind. 

The  greater  adhesion  in  the  washed  bricks  was  probably  due  to  the 
saturation  with   water.     If  two   bricks   are   washed   and   thoroughly 
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saturated  with  water  their  adhesion  is  very  much  greater  than  that  Mr.  Gould, 
of  two  dry,  unwashed  bricks.     The  speaker  would  attribute  the  in- 
creased adhesion  to  the  moisture. 

P.  W.  Heney,  Assoc.  M.  Am.  Soc.  C.  E. — About  a  month  ago  the  Mr.  Henry, 
speaker  saw  in  New  Orleans  the  work  which  is  being  done  for  the 
Drainage  Commission,  of  which  Major  Harrod  is  Chief  Engineer.  The 
machine  used  in  mixing  the  concrete  is  the  ordinary  asphalt  mixer. 
It  consists  of  a  chamber  in  which  two  shafts  provided  with  teeth  revolve 
in  opposite  directions  and  draw  the  mixture  toward  the  center.  The 
sand,  cement  and  shells  are  placed  in  receptacles  above,  which  hold  the 
required  amount.  The  dry  materials  are  dumped  directly  into  the  mixer, 
and  are  mixed  dry  until  all  are  practically  of  one  color.  The  water  is 
then  turned  on.  The  speaker  thinks  that  the  quantity  of  water  is 
judged  by  the  eye  and  not  measured,  but  it  could  be  arranged  to  admit 
water  by  volume.  The  result  is  an  absohitely  j^erfect  mixture,  if  such 
a  thing  is  possible;  because  a  great  number  of  analyses  of  asphalt  mix- 
tures with  that  type  of  machine  have  shown  an  identical  grading  of  the 
sand  throughout  all  parts  of  the  mixture,  and  also  the  same  amount  of 
bitumen  in  the  mixture.  The  results  in  New  Orleans  are  certainly  very 
satisfactory.  Whether  this  style  of  mixer  would  be  as  suitable  for 
trap  rock,  for  instance,  which  is  very  heavy,  or  even  for  limestone,  is 
a  question  upon  which  the  sjieaker  is  not  able  to  express  an  opinion. 
It  certainly  works  very  satisfactorily  with  the  shells. 

The  speaker's  experience  with  dry  and  wet  concrete  has  been  con- 
fined entirely  to  laying  concrete  for  asjjhalt  pavements,  and  indicates 
that  it  is  safer  to  use  a  moderately  wet  mixture  for  that  i)urpose. 
When  concrete  is  laid  during  hot  weather,  it  is  a  very  good  practice  to 
sprinkle  the  surface  every  night  until  the  concrete  is  thoroughly  set, 
or  for,  say,  eight  or  ten  days. 

Herman  Coneow,  Jun.  Am.  Soc.  C.  E. — In  ten  of  the  tests  given  by  Mr.  Conrow. 
the  author  for  "dry,"  "plastic"  and  "excess"  concrete,  under  the 
same  conditions,  the  speaker  finds  that  the  average  ratios  of  strength 
are  as  follows: 

Dry,  29.1;  plastic,  26.6;  excess,  25.3. 

About  three  years  ago  the  speaker  made  some  experiments  upon 
concrete  with  especial  reference  to  its  economical  mixing  and  laying. 
The  experiments  were  made  under  average  conditions  of  mixing  by 
hand,  and  the  figures  here  given  were  obtained  with  a  gang  of  ten  men 
and  a  foreman.  When  laying  wet  concrete,  the  gang  was  divided  as 
follows:  One  foreman,  9  mixers,  1  rammer.  An  average  day's  work  was 
15  cu.  yds.  of  concrete  in  place.  When  laying  dry  concrete,  the  gang 
was  divided  thus:  One  foreman,  6  mixers,  4  rammers;  and,  under  the 
same  conditions  as  above,  an  average  day's  work  was  8  cu.  yds.  in  place. 
Taking  the  foreman's  wages  at  ^2  per  day,  and  the  men  at  #1.50  each, 
the  cost  of  laying  1  cu.  yd.  under  the  two  conditions  was  as  follows: 
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5Ir.  Conrow. 


Cost  of  Laying  Wet  Concrete  per  Cubic 
Yard. 

Cost  of  Laying  Dry  Concrete  per  Cubic 

Sand 50 

Stone 1 .00 

Labor 1.13 

Total S4.13 

Sand 50 

Stone 1 .00 

Labor 2.12 

Total $5.12 

The  dry  concrete  thus  cost  24:%  more  than  the  -wet.  From  the 
averages  of  the  previonslT  mentioned  ten  tests,  given  by  the  author, 
dry  concrete  is  about  lo%  stronger  than  wet.  Consequently  an  engi- 
neer would  not  be  justified  in  using  dry  concrete  except  in  cases  where 
unusual  strength  was  desired,  as  in  arches. 

Only  those  who  have  handled  concrete  under  actual  conditions  can 
realize  the  greater  ease  of  mixing  and  laying  it  when  water  is  freely 
used.  Especially  is  this  true  in  hot  weather.  Dry  concrete  may  be  an 
uncertain  material,  and  if  the  inspector  relaxes  his  vigilance  for  a  few 
minutes  a  weak  spot  is  likely  to  occur  in  the  masonry.  Although  dry 
concrete,  by  a  great  amount  of  ramming,  may  be  made  stronger  than 
wet  concrete,  yet  if  it  is  not  thoroughly  rammed  it  may  possess  almost 
no  strength,  even  when  the  cement  is  first  class.  Wet  concrete  cannot 
be  weak — provided  the  cement  is  good  and  it  is  reasonably  well  mixed. 

The  speaker  also  experimented  with  diflferent  methods  of  mixing  con- 
crete. After  trying  various  ways  the  following  jiroved  to  be  the  best. 
Mix  the  mortar  dry ;  then  wet  it  and  mix  until  all  is  of  the  same  consis- 
tency and  aboat  as  wet  as  can  be  handled  easily  with  shovels.  After 
the  stones  have  been  spread  evenly  to  a  depth  of  about  8  ins.  and 
washed  clean,  spread  the  mortar  over  them  and  then  begin  the  turn- 
ing. By  using  wet  mortar  it  saves  at  least  one  turning  as  the  mortar 
percolates  through  the  stones;  and  three  turnings  with  wet  mortar  will 
incorporate  more  thoroughly  than  four  turnings  with  dry  mortar. 

As  to  the  comparative  merits  of  hand-mixed  and  machine-mixed 
concrete,  the  speaker  prefers  the  foiiner,  because  in  most  machines  there 
is  given  no  opportunity  of  thoroughly  washing  the  stone  before  it  is 
mixed  with  mortar.  The  dust  rising  continually  in  the  machine 
settles  on  the  stone  prior  to  contact  with  the  mortar,  all  to  the  detri- 
ment of  the  concrete.  Only  by  mixing  in  the  open  air  with  plenty  of 
room  can  the  stone  be  kept  jjerfectly  clean  until  the  mortar  is  applied. 
The  importance  of  thoroughly  mixing  the  concrete  is  only  equalled  by 
that  of  having  the  stones  clean. 

There  is  no  material  used  in  engiueering  which  is  so  variable  as 
concrete,  and  the  remedy  for  a  vast  amount  of  poor  concrete  is  the 
same  as  in  a  majority  of  cases  of  poor  brickwork  and  weak  masonry — 
the  use  of  plenty  of  water  during  construction. 

In  tearing  out  some  concrete,  the  speaker  noticed  that  when  the 
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hand-mixed  concrete  was  broken  with  a  sledge  hammer,  it  would  almost  Mr.  Conrow. 
always  break  across  the  stone,  thus  showing  that  the  concrete  was 
about  as  good  as  it  was  possible  to  make  it.  With  the  machine-mixed 
concrete,  however,  it  often  happened  that  the  stone  did  not  break,  but 
broke  awav  from  the  cement  and  left  a  cavity,  showing,  evidently,  that 
there  was  weakness  at  that  point.  It  is  well  known  that  if  the  stone  is 
covered  with  a  film  of  dust,  the  concrete  will  not  be  so  strong  as  if  it  is 
perfectly  clean.  The  speaker  does  not  see  how  it  would  be  possible, 
in  the  machine  described  by  Mr.  Henry,  where  all  the  dry  materials 
are  first  mixed  together  and  then  wet,  to  get  a  perfect  concrete.  If, 
for  instance,  two  bricks,  as  they  come  from  the  brickyard,  are  laid  with 
a  layer  of  mortar  between  them,  and  two  other  bricks,  first  washed 
perfectly  clean,  are  similarly  laid,  the  difference  in  tensile  strength 
between  the  two  would  be  very  great.  The  same  principle  applies  to 
concrete.  If  all  the  ingredients  are  mixed  together  dry  in  a  machine, 
the  case  is  exactly  the  same;  dust-covered  stone  is  used  and  the  result- 
ing concrete  is  not  as  strong  as  concrete  made  from  thoroughly  washed 
stone. 

Allkn"  Hazex,  Assoc.  M.  Am.  Soc.  C.  E. — The  proposition  advanced  Mr.  Hazen. 
by  the  author  that  the  best  method  of  determining  the  proportions  of 
concrete  is,  first,  to  decide  upon  the  ratio  of  sand  to  cement  in  the 
mortar,  and,  second,  to  determine  the  ratio  of  mortar  to  stone,  is 
undoubtedly  correct,  although  the  conventional  method  of  statement 
of  the  relative  volumes  of  the  various  ingredients  is  extremely  con- 
venient and  will  doubtless  continue  to  be  used. 

The  paper  treats  the  subject  apparently  only  from  the  standpoint 
of  the  crushing  strength  of  the  concrete  produced.  In  very  large 
masses  and  in  foundations  the  crushing  strength  is,  perhaps,  the  most 
important  quality  of  concrete;  but  concrete  is  used  for  many  purposes 
where  other  properties  than  crushing  strength  are  of  very  great  and, 
in  fact,  of  controlling  importance.  Thus,  in  exposed  positions,  a 
concrete  which  will  resist  the  action  of  frost  is  of  the  first  imjsortance. 
In  other  cases,  a  water-tight  concrete  is  required,  and  in  still  others,  it 
is  desirable  to  have  concrete  which  will  completely  fill  forms  and  yield 
smooth  surfaces,  and  is  of  such  consistency  as  to  allow  the  upper 
surface  to  be  troweled.  For  all  of  these  purposes  a  concrete  as  free  from 
voids  as  possible  is  desirable;  and  to  secure  satisfactory  results  it  is 
necessary  to  use  an  amount  of  mortar  somewhat  more  than  sufficient 
to  completely  fill  the  voids  in  the  stone. 

The  proportions  of  voids  in  broken  stone,  gravel  and  sand  are 
often  very  large.  They  are  frequently  underestimated  by  defective 
methods  of  measurement.  The  most  obvious,  and,  perhaps,  the  most 
common,  method  used  to  determine  voids  is  to  place  the  material  in  a 
receptacle  of  known  capacity,  and  to  pour  as  much  water  into  it  as 
possible,  measuring  the  volume  of  water  used.    This  procedure  invari- 
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Mr.  Hazen.  ably  gives  results  whicli  are  too  low,  the  amount  of  error  depending 
upon  several  conditions.  The  sand  or  gravel  for  examination  is  rarely 
perfectly  dry.  Two  or  3%  of  water  by  weight  do  not  make  a  material 
appear  jjarticularly  moist;  but  2  or  3%  of  water  by  weight  are  equal 
to  from  3  to  5?o  by  volume,  and  if  the  voids  are  measured  by  displace- 
ment the  results  will  be  too  low  by  this  amount. 

Another  and  oftentimes  a  more  serious  source  of  error  arises  from 
the  fact  that  all  the  air  is  not  displaced  by  the  water.  With  coarse, 
clean  gravels  the  air  can  be  displaced  almost  completely,  and  the 
error  from  this  source  is  not  large.  With  dirty  materials  the  error  is 
much  greater,  and  with  sands  the  air  cannot  be  even  approximately 
displaced  in  this  way. 

The  most  accurate  and  convenient  method  of  determining  the 
voids,  known  to  the  writer,  is  to  determine,  first,  the  specific  gravity  of 
the  solid  particles,  and,  second,  the  sjoecific  gravity  of  the  material  as 
a  whole,  including  the  voids.  The  percentage  of  sjjace  occupied  by 
the  particles  is  then  obtained  by  dividing  the  sj^ecific  gravity  of  the 
mass  as  a  whole,  including  the  voids,  by  the  specific  gravity  of  the  solid 
particles,  and  the  voids  are  represented  by  the  difference  between  the 
whole  volume  and  the  space  occupied  by  the  solid  particles. 

In  case  the  material  used  for  this  purpose  is  not  absolutely  free 
from  water,  the  whole  or  a  part  of  it  must  be  dried  after  the  experi- 
ment to  determine  the  amount  of  water  in  it,  and  a  correction  applied 
therefor.  It  will  not  do  to  dry  a  moist  material  before  taking  its 
specific  gravity,  as  the  closeness  of  packing  will  be  very  likely  to  be 
different  for  wet  and  dry  materials. 

It  is  usually  a  comiDaratively  easy  matter  to  determine  the  specific 
gravity  of  the  solid  particles,  but  for  large  classes  of  materials  the 
specific  gravities  are  so  uniform  that  the  errors  introduced  by  assum- 
ing an  average  value  of  2.65  are  very  slight.  The  specific  gravities 
of  sands  and  gravels  of  the  glacial  drift  of  the  Eastern  States  and  of 
all  silicious  sands  are  very  close  to  this  figure,  and  much  of  the 
broken  stone  used  for  concrete  is  of  nearly  the  same  density.  The 
proportion  of  voids  is  thus  a  direct  function  of  the  weight  per  cubic 
foot,  after  allowance  is  made  for  moisture.  Loosely  placed  stone,  or 
sand  weighing  83  lbs.  j)er  cubic  foot,  has  50j^  of  voids.  When  com- 
pacted to  45 j?^  of  voids,  the  weight  is  increased  to  91  lbs.  per  cubic 
foot.  In  the  speaker's  experience  this  represents  approximately  the 
condition  of  ordinary  building  sand  as  it  is  usually  measured  for  con- 
crete, and  corresponds  closely  with  the  weight  of  sand  mentioned 
by  the  author.  When  further  compacted  to  40%  of  voids  the  weight  is 
99  lbs.  per  cubic  foot.  With  35%  of  voids  the  weight  is  108  lbs., 
and  with  30%  of  voids,  116  pounds  per  cubic  foot. 

The  voids  in  clean  gravels  or  in  broken  stone  without  special  pack- 
ing are  seldom  less  than    40%,  although  they  are   less   when   sand, 
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small  fragments  of  stone  or  other  fine  materials  are  present  in  con-  Mr.  Hazen. 
siderable  amount  in  the  interstices  of  the  larger  material.  When 
ballast  for  concrete  contains  such  material,  the  amount  of  sand  in  the 
mixture  should  he  reduced  by  a  corresponding  amount,  but  no  reduc- 
tion should  be  made  in  the  quantity  of  cement.  That  is,  the  fine 
material  in  the  ballast  should  be  computed  as  sand,  and  as  entering 
into  the  composition  of  the  mortar  and  not  as  a  part  ojf  the  ballast. 

The  proportions  of  mixing  used  by  the  author,  namely,  with 
mortar  equal  to  33  and  405^0  of  the  volume  of  the  broken  stone,  would 
seem  likely  to  result  in  the  production  of  concrete  with  a  large  pro- 
portion of  voids.  The  speaker  has  never  had  occasion  to  use  a  broken 
stone  which  would  yield  a  concrete  entirely  free  from  voids  when 
used  with  as  little  as  40%  of  its  volume  of  mortar,  and  he  would 
expect  with  as  low  as  33%"  that  the  voids  would  be  large  and  con- 
spicuous. That  this  was  the  case  in  the  author's  experiments  is 
suggested  by  the  fact  that  the  percentage  of  shrinkage  on  ramming, 
given  in  Table  No.  3,  is  substantially  the  same  for  33%  of  mortar 
and  for  40%  of  mortar.  If  the  33%  of  mortar  had  filled  the  voids 
there  would  have  been  an  excess  of  mortar  when  40%  was  used,  and 
the  shrinkage  by  ramming  would  have  been  less.  As  the  shrinkage 
was  as  much  with  40%  of  mortar  as  it  was  with  33%,  it  seems  almost 
certain  that  with  the  smaller  quantity  the  voids  were  not  entirely 
filled;  and  in  view  of  general exi^erience,  the  speaker  would  be  inclined 
to  question  whether  even  the  40%  was  adequate  to  fill  all  the  voids. 

There  are  three  possible  conditions  for  the  amount  of  mortar  in 
concrete:  First,  the  mortar  may  be  insufficient  to  fill  the  voids 
between  the  stones;  second,  it  may  just  fill  them;  or,  third,  there  may 
be  an  excess  of  mortar.  In  the  first  condition,  with  the  voids  not 
entirely  filled  with  mortar,  the  stones  will  come  to  a  direct  bearing 
upon  each  other,  and  if  there  is  sufficient  mortar  to  prevent  them 
from  slipping  upon  each  other,  the  crushing  strength  of  the  concrete 
may  be  as  great  as  if  more  mortar  had  been  used;  and  for  certain  pur- 
poses such  concrete  is  entirely  satisfactory.  If  the  mortar  exactly  fills 
the  voids  the  strength  certainly  will  not  be  less,  and  for  many  pur- 
poses the  concrete  will  be  more  satisfactory.  Owing  to  the  impossi- 
bility of  securing  perfect  mixing,  it  is  practically  necessary  to  use 
more  than  enough  mortar  to  fill  the  voids,  in  order  to  make  certain 
that  the  voids  will  be  filled  at  every  point;  and  this  is  the  reason 
usually  given  for  the  use  of  more  mortar  than  the  equivalent  of  the 
voids,  but  it  is  also  possible  that  for  some  purposes  an  excess  of 
mortar  in  itself  is  desirable. 

The  use  of  a  sufficient  amount  of  cement  to  fill  the  voids  in  the 
sand  is  probably  desirable  for  some  purposes,  but  it  is  often  less 
necessary  than  the  filling  of  the  voids  in  the  gravel  with  mortar. 
Thus,  a  mortar  composed  of  one  part  of  Portland  cement  and  three 
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Mr.  Hazen.  parts  oi  sand  is  very  strong  and  durable,  and  sufficient  for  many  pur- 
poses, although  it  can  hardly  be  considered  that  this  amount  of 
cement  will  entirely  fill  the  voids  in  the  sand.  The  remaining  voids, 
however,  are  so  small  that  the  mortar  is  nearly  impervious  to  water, 
and  concrete  made  from  it  takes  substantially  as  smooth  a  finish  as 
that  made  from  a  richer  mortar. 

It  should  be  remembered  also  that  it  is  not  possible  to  make  a  con- 
crete entirely  free  from  voids.  This  arises  from  the  fact  that  con- 
crete, to  be  handled  conveniently  and  satisfactorily,  requires  to  have  a 
certain  portion  of  water  in  it.  Some  of  this  water  combines  with  the 
cement  in  the  process  of  setting.  In  some  experiments  made  by  the 
speaker  the  proportion  of  water  combining  in  this  way  amounts  to 
about  S%  of  the  weight  of  the  cement,  or  to  about  1%  of  the  weight 
of  the  concrete.  This  quantity  of  water  is  entirely  inadequate  to  give 
the  concrete  the  proper  consistency  for  the  jjurpose  of  placing  and 
ramming.  In  some  experiments  made  by  the  speaker  the  proportion 
of  water  m  concrete  as  used  in  actual  work  amounted  3  or  4:%  of  the 
weight  of  the  concrete  as  placed,  in  addition  to  the  amount  required 
for  combination  with  the  cement.  To  mix  the  concrete  much  dryer 
than  this  requires  a  great  deal  more  ramming,  which  is  apt  to  be 
neglected  under  other  than  very  severe  inspection,  and  it  is  impossible 
to  get  smooth,  finished  surfaces  with  concrete  which  is  too  dry.  The 
above-mentioned  percentage  of  water  amounts  to  8  or  10%'  by  volume, 
exclusive  of  the  water  which  goes  into  combination  with  the  cement. 
After  the  concrete  has  set,  this  water  will  evaporate  in  the  course  of 
time,  if  it  has  an  opportunity,  and  the  resulting  concrete  will  have  a 
corresponding  volume  of  voids.  With  the  method  of  manufacture 
commonly  used  it  is  not  easy  to  see  how  these  voids  can  be  entirely 
avoided,  but  it  is  perfectly  practicable  to  have  all  the  voids  of  extremely 
small  size  and  in  the  mortar,  and  to  have  no  voids  visible  to  the  eye  and 
resulting  from  an  insufiiciency  of  mortar  in  the  ballast.  Practically, 
the  best  concrete,  under  ordinary  conditions  of  mixing  and  ramming, 
and  with  gravel  or  broken  stone  having  a  specific  gravity  of  about  2. 65, 
will  rarely  weigh  more  than  150  lbs.  per  cubic  foot,  which  corresponds 
to  9%  of  voids.  Concrete  of  this  compactness,  however,  with  proper 
materials  and  well  set,  resists  very  Avell  the  action  of  the  weather,  and 
the  voids  are  not  usually  apparent  to  the  eye,  or  sufficient  to  allow 
water  to  percolate  through  them  to  an  important  extent. 

There  is  a  matter  in  connection  with  the  proportions  of  mixing  con- 
crete which  perhaps  gives  rise  to  even  more  perplexity  than  those 
mentioned  by  the  author,  namely,  the  measurement  of  the  volume  of 
the  cement.  The  volume  of  a  barrel  of  cement  may  be  taken  as  that 
of  a  barrel  when  full,  or  as  the  actual  volume  of  the  cement  in  the 
barrel  after  it  has  been  shaken  down  by  transportation  to  a  somewhat 
smaller  volume,  or  the  cement  may  be  turned  out  and  measured  in 
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another  recejitacle.  The  speaker  considers  that  the  ideal  condition  is  Mr.  Hazen. 
to  mix  concrete  by  weight,  and,  as  an  approach  to  this  condition,  in  his 
own  practice  he  has  often  made  the  arbitrary  assumption  that  a  barrel 
of  cement  weighing  380  lbs.  net,  occupies  a  space  of  3.8  cu.  ft.,  making 
the  weight  of  cement  100  lbs.  per  cubic  foot.  The  weight  of  the  cement 
is  determined  or  checked,  no  attention  is  paid  to  its  actual  volume,  but 
for  the  purpose  of  computation  one  cubic  foot  is  assumed  for  each  100 
lbs.  of  cement.  The  average  weight  of  broken  stone  or  gravel  is  also 
approximately  100  lbs.  per  cubic  foot,  and  on  this  basis  the  volumes 
also  express  the  weights  of  these  materials.  The  sand  is  iisually  lighter, 
but  after  the  actual  weight  per  cubic  foot  is  determined,  the  approxi- 
mate weight  can  be  determined  from  the  volume. 

In  comjjuting  the  amounts  of  the  various  materials  required  to 
make  a  cubic  yard  of  concrete  the  following  procedure  has  been  used 
by  the  speaker  with  satisfactoiy  results.  The  weight  of  a  barrel  of 
cement  is  taken,  and  8%  is  added  for  water  of  combination.  To  this  is 
added  the  weight  of  sand  free  from  water  which  will  be  used  with  a 
barrel  of  cement,  and  the  corresponding  weight  of  ballast.  An  esti- 
mate is  made  of  the  weight  per  cubic  foot  of  the  finished  concrete, 
which,  for  compact  work,  may  be  taken  at  150  lbs.  per  cubic  foot,  and 
for  concrete  Avith  more  ballast  in  proportion  to  sand,  at  a  lower  figure, 
which  can  be  determined  by  experiment  or  estimated  approximately 
from  the  appearance  of  the  finished  work.  The  ratio  of  the  sum  of 
the  -weights  of  these  materials  to  the  assumed  or  determined  weight  of 
a  cubic  foot  of  finished  concrete  will  give  the  number  of  cubic  feet 
made  from  a  barrel  of  cement.  The  quantities  of  the  various  materials 
required  to  make  a  cubic  yard  of  concrete  can  then  be  readily  com- 
l^uted.  Thus,  in  a  recent  case,  concrete  was  mixed  in  the  proportions 
of  one  part  of  cement,  computed  as  above,  three  parts  of  sand  weighing 
90  lbs.  per  cubic  foot,  and  five  parts  of  broken  stone  and  gravel 
weighing  100  lbs.  per  cubic  foot.  The  concrete  when  dry  weighed 
about  147  lbs.  per  cubic  foot.  The  proportions  of  mixing  differed 
slightly  in  different  parts  of  the  work,  but  the  above  proportions  are 
about  the  average. 

The  computed  weight  of  concrete  made  from  a  barrel  of  cement  was 
as  follows: 

One  barrel  of  cement 380  lbs. 

Water  of  combination,  8% 30    " 

Sand,  11.4  (3.8  x  3)  cu.  ft.,  at  90  lbs.,  dry 1  026    " 

Gravel,  19  (3.8  x  5)  cu.  ft.,  at  100  lbs.,  dry 1  900    " 

Total  weight    of   concrete  made  from  1  barrel  of 

cement 3  336    ' ' 

Volume  produced,  3  336  -j-  147  =  22.7  cu.  ft. 

Cement  required  for  1  cu.  yd.,  27  -^  22.7  =  1.19  barrels. 
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From  the  records  of  the  work  15  0S5  cu.  yds.  of  concrete  were  made 
from  18  584  barrels  of  cement,  or  1.23  barrels  of  cement  per  cubic 
yard,  uo  deduction  being  made  for  ordinary  waste,  nor  for  concrete 
outside  of  contract  lines. 

This  concrete  contains'  very  few  voids  visible  to  the  eye,  when 
broken  or  as  exposed  where  it  has  been  placed  against  forms.  All  tojJ 
surfaces  were  troweled  smooth  before  setting  and  the  proportions 
were  such  as  to  allow  this  to  be  satisfactorily  done.  The  proportion 
of  sand  to  gravel  necessary  to  sec-ure  this  result  was  determined  by 
exi3eriment,  and  was  the  lowest  which  could  be  satisfactorily  used. 
With  the  volume  of  sand  equal  to  half  of  that  of  the  ballast,  there 
were  too  many  voids  exposed  when  the  forms  were  taken  down,  and 
there  was  difficulty  in  making  the  top  surfaces  smooth  by  troweling. 
It  was  thus  necessary  to  use  a  volume  of  sand  equal  to  60%  of  the 
volume  of  the  ballast,  but  for  other  purposes  a  wider  mixture  would  be 
satisfactory  and  cheaper. 

B.  M.  Hakkod,  Past-President,  Am.  Soc.  C.  E.  (by  letter). — This 
paper  is  very  practical  and  useful.  The  tables  give  exact  information 
concerning  the  losses  in  bulk  of  the  several  ingredients  when  made 
into  concrete,  with  which  those  who  have  used  that  material  have 
been  familiar  m  a  general  way.  Five  imits  of  cement  give  about  four 
units  of  mortar.  This  is  all  absorbed  m  the  voids  of  the  stone,  which 
also  loses  about  10%"  of  its  bulk  by  the  readjustment  of  its  particles 
under  the  rammer. 

In  the  writer's  note-book  there  is  a  very  old  memorandum,  to  the 
following  effect: 

"The  theory  of  concrete-making  is  to  take  a  barrel  of  shells,  and 
pour  in  as  much  water  as  the  interstices  will  admit.  Then  put  in  a 
quantity  of  mortar  equal  to  the  bulk  of  water  admitted.  If  you  make 
any  deviation  from  this,  it  will  be  by  increasing  the  mortar. " 

The  authority  for  this  formula  is  the  late  General  Joseph  G.  Totten, 
Chief  of  Engineers,  U.  S.  A.,  Hon.  M.  Am.  Soc.  C.  E. 

Adopting  this  theory,  good  results  can  always  be  assured,  when- 
ever there  is  any  doubt  concerning  the  proportion  of  voids  in  the  stone, 
as  there  often  is,  by  specifying  a  test,  with  a  tight  box,  containing 
about  half  a  cubic  yard.  When  this  is  filled  with  loose  stone,  suf- 
ficient water  should  be  poured  in  to  fill  the  voids.  After  the  stone  and 
the  sides  of  the  box  are  saturated  and  the  water  is  withdrawn,  a 
second  charge  of  water  should  be  poured  in  and  carefully  measured. 
The  mass  of  mortar  used  should  exceed  that  of  the  water  by  5  or  10 
per  cent. 

The  shells  alluded  to  in  General  Totten's  formula  are  largely  used 
in  New  Orleans  in  the  place  of  broken  stone  on  account  of  their  fitness 
and  cheapness.  They  cost  from  $1  to  ^1.25  per  cubic  yard,  which  is 
about  half  the  cost  of  good  broken  stone  or  clean  gravel.  They  are 
the  shells  of  a  small  clam  [giiathodon  ciineaius)  about  the  size  of  a  half 
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dollar.      They  are    found  in  banks,  washed  up  along  the  shores'  of  Mr.  Harrod. 

the  brackish  bayous  and  lakes  in  the  vicinity  of  New  Orleans,  and  also 

in  kitchen  middens,  in  such  quantities  that  they  are  dredged  up  free 

from  any  impurity  except  a  little  sand.     They  have  been  largely  used 

for  roads  for  many  years,  and  the  end  of  the  supply  is  not  in  sight. 

They  make  a  solid  concrete,  as  the  thickness  and  material  of  the  shell 

give  it  ample  strength,  and  its  concavity  forms  a  good  bond.     They 

require  a  little  more  mortar  than  broken  stone,  and  the  mixing  must 

be  very  thoroughly  done.     The  weight  of  shell  concrete  is  137.8  lbs. 

per  cubic  foot,  which  is  less  than  that  of  concrete  made  with  broken 

stone.     This  fact,  in  some  cases,  is  of  importance. 

William  M.  Hall,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer  readily  Mr.  Hall, 
admits  that  the  new  nomenclature  which  Mr.  Eafter  suggests  is  very 
good,  but  can  see  no  reason  why  the  old  nomenclature  should  obscure 
from  those  who  are  looking  for  it  the  true  theory  of  concrete  mixtures. 

Referring  to  the  amount  of  mortar  required  for  mixing  "with  the 
aggregate,  the  author  well  says,  "there  being,  indeed,  very  little  neces- 
sary except  to  insure  the  filling  of  the  voids  in  the  aggregate  material 
with  mortar."  It  appears  well,  also,  to  emphasize  the  fact  that  the 
same  statement  is  true  in  reference  to  filling  the  voids  in  the  sand  with 
cement;  also,  in  reference  to  the  volume  of  the  voids  in  ordinary  sands 
and  aggregates;  and,  also,  that  where  the  sand,  cement  and  aggregate 
are  accurately  proportioned,  with  reference  to  voids,  unless  they  are 
thoroughly  mixed,  the  concrete  may  be,  in  places,  almost  worthless. 

In  lock  and  dam  construction  in  Kentucky,  the  writer  found  voids 
in  sand  and  aggregate  as  follows : 

The  average  voids  in  sand  was  31%  of  the  volume. 

The  sand  was  clean  and  sharp,  and  the  size  of  grains  as  follows: 

Held  by  No.  20  sieve,  11  per  cent. 

Passed      "20      "      and  held  by  No.  30,  14  per  cent. 
"    30      "  "       ^     "     50,  53 

"50      "      22  per  cent. 

The  voids  in  crushed  stone  and  in  gravel  and  mixtures  of  the  two 
were  as  follows: 

100 j^^  of  crushed  2|-in.  stone;  voids,  48%  of  volume. 

80%  "  21"         "       20%  li-in.  gravel,  voids  44% 

70%  "  2i  "         "       30%  IJ  "         "  "      41% 

60%  "  24  "         "      40%  H  "         "  "      384%        " 

50%  "  24  "         "       50%  14  "         "  "      36% 

100%  14  "         "  "      35% 

The  above  results  are  the  averages  of  a  number  of  tests  made  from 
several  different  barge-loads  of  material.  However,  the  volume  of  voids 
in  the  various  mixtures  ran  quite  uniform.  The  sand  and  gravel  were 
very  clean  Ohio  River  jjroducts,  taken  from  the  shoal  at  the  mouth  of 
Green  River,  Ky.     The  stone  was  crushed  Green  River  blue  limestone. 
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Mr.  Hall,  and  in  texture  and  color  was  miicli  like  the  Hudson  Kiver  trap.  Tlie 
stone  passed  a  2i-in.  screen  and  also  a  fine  one  to  clean  it  of  dust.  The 
gravel  passed  a  l|-in.  screen  and  then  a  fine  one  to  remove  the  sand. 

In  sea-coast  fortification  construction  in  MassachiTsetts,  during  the 
season  of  1898,  the  writer  found  the  volume  of  voids  in  sand  and 
aggregate  to  be  as  follows : 

The  average  of  voids  in  sand  was  Sl^^^"  of  the  volume. 

The  voids  in  stone  and  gravel  and  mixtures  of  the  two  Avere  as 
follows: 

lOOJ'o'  of  crushed  2|-in.  trap;  voids,  50%  of  volume. 

60%  "         2i"  "      "     and40;Vli-iQ.  gravel,  voids 38^%- 

503?^  "        2i    '      "       "    503^11  "       "  "       36% 

100%  li  "       "  "       35% 

The  stone  was  Hudson  Eiver  trap  with  the  diist  removed.  The  sand 
and  gravel  were  taken  from  Long  Island  Sound,  near  Willets  Point. 
The  gravel  was  clean,  biit  the  sand  contained  about  8%  of  loam. 

By  the  foregoing,  the  writer  wishes  to  call  attention  to  the  saving 
which  may  be  effected  by  mixing  gravel  with  stone,  as  an  aggregate, 
instead  of  using  stone  alone.  He  has  failed  to  find  similar  records  in 
the  literature  on  the  subject;  but  as  the  voids  in  these  two  stones,  and 
the  corresponding  mixtures  with  gravel  are  so  nearly  uniform,  he 
thinks  that  nearly  the  same  results  will  be  found  with  other  hard  stones 
having  lines  of  fracture  similar  to  these. 

The  comi^arison  which  the  author  makes  between  the  concretes 
made  with  dry,  plastic  and  very  wet  mortars  are  especially  interesting. 
They  would  be  much  more  instructive,  however,  if  they  had  inchided 
a  series  of  cubes  which  had  seasoned  for  three  or  four  years. 

The  conclusions  likely  to  be  drawn  from  these  tests  are,  that  dry 
concrete,  when  set  and  hardened,  is  stronger  than  wet.  It  is  well 
known  that  this  resiilt  may  be  obtained  from  1-in.  mortar  briquettes  a 
few  months  old,  and  the  reverse  result  from  those  several  years  old. 
Moreover,  in  tamping  the  test  pieces,  it  may  be  assumed  that  all  kinds 
of  concrete  were  equally  well  tamped ;  whereas,  in  actual  practice,  the 
obtaining  of  well-tamped  work  with  dry  concrete  is  much  more  diffi- 
cult than  with  plastic  or  wet  concrete.  In  actual  construction,  the 
AVTiter  prefers  concrete  with  plastic  or  slightly  wet  mortar  to  that 
which  is  dry.  After  setting  has  commenced,  he  believes  it  is  advan- 
tageous to  apply  water  to  the  outside  surface,  or  to  the  interior  of  the 
concrete  mass  by  means  of  well-holes. 
[r.  Baker.  Ika  O.  Bakek,  M.  Am.  Soc  C.  E.  (by  letter). — The  aiithor  deserves 
credit  for  the  thorough  investigation  given  the  practical  jiroblem  pre- 
sented, and  the  special  thanks  of  the  profession  for  the  full  and  careful 
presentation  of  the  data,  particularly  the  valuable  summaries  and 
comparisons. 

The  writer   is    much  interested  in  the    effect  of   the  amount   of 
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mortar  iipon  the  strength  of  the  concrete.  Half  of  the  specimens  Mr.  Baker, 
tested  contained  mortar  equal  to  33%  of  the  broken  stone,  and  half  an 
amount  equal  to  40  per  cent.  Apparently,  the  broken  stone  contained 
43.3%'  of  voids  before  tamping  and  37.4%  after  tamping,*  and  the 
mortar  was  measured  without  tamping.  Therefore,  owing  to  the  decrease 
of  the  volume  of  the  mortar  in  ramming  the  concrete,  and  to  the  eiiect 
of  moisture  in  increasing  the  volume  of  the  sand,  it  is  probable  that 
the  40%  of  mortar  was  not  much,  if  any,  more  than  equal  to  the 
voids  in  the  broken  stone,  when  both  were  rammed.  Under  the  same 
assumption,  the  33%  of  mortar  was  equal  to  about  80%  of  the  voids  in 
the  broken  stone  after  the  concrete  had  been  tamped  into  place. 

Whether  or  not  the  40%  of  mortar  filled  the  voids,  one  would 
naturally  expect  that  an  addition  of  25%  of  mortar  would  give,  at  least 
approximately,  25%  additional  strength.  The  results  of  the  exjieri- 
ments  apjjear  not  to  support  this  conclusion. 

In  Table  No.  5  the  results  are  summarized  according  to  the 
plasticity  of  the  mortar,  from  which  it  appears  that  concrete  con- 
taining 40%"  of  mortar  is  only  4%  stronger  than  that  containing  33  j^er 
cent.  Ajiparently,  the  plasticity  of  the  mortar  makes  no  material 
diiference  in  the  result. 

TABLE  No.  5. 


Plasticity  of  mortar. 

Amount  of  Mortar. 

Strength  of  the 
40%-  concrete 

SS'4 

40%- 

in  terms  of  thai  of 
the33;i^. 

3  408 
2  259 
2  133 

2  533 
2  339 
2  227 

lOS.V 

103?< 

Excess 

\QiX 

Mean 

2  267 

2  883 

104^ 

Summarizing  the  results  according  to  the  proportions  of  the  mortar 
gives  Table  No.  6,  from  which  it  appears  that  the  concrete  containing 
40%  of  mortar  is  only  3%  stronger  than  that  containing  33  per  cent. 
TABLE  No.  6. 


Proportions  of  the  mortar. 

Amount  op  Mortar. 

Strength  of  the 
40.V  concrete 

33?^ 

40,V 

in  terms  of  that  of 
the33.V. 

1  :3 

3  640 
1893 
1684 

2  830 
1  905 
1689 

107.V 

1  :3 

103?^ 

1  :  4.... 

100;^" 

Mean 

3  072 

3  138 

103°S' 

*  Report  of  the  New  York  State  Engineer  and  Surveyor  for  the  year  ending  Sep- 
tember 30th,  1894. 


134 


DISCUSSION    ON   THE   THEORY    OF    CONCRETE, 


The  mean  increase  in  strength,  from  Tables  Nos.  5  and  6,  differs ; 
owing  partly  to  omitted  decimals  and  partly  because  the  two  tables  do 
not  refer  to  exactly  the  same  exijeriments.  The  writer,  to  save  labor, 
iised  the  summaries  in  the  original  paper,  and  they  were  prepared  for 
a  diiferent  purpose. 

The  most  interesting  deduction  from  Table  No.  6  is  that  the 
streugih  of  the  concrete  increases  with  the  richness  of  the  mortar;  and 
therefore  it  is  better  to  increase  the  proj^ortiou  of  the  cement  in  the 
mortar  than  to  increase  the  proportion  of  mortar  in  the  concrete. 
This  is  doubtless  due  to  the  greater  ease  with  which  the  richer  mortar 
will  flow  into  the  voids  diiring  ramming. 

Summarizing  the  results  according  to  the  method  of  storage  gives 
Table  No.  7,  from  which  it  appears  that  the  method  of  storage  is 
unimportant.  Figured  in  this  way,  the  concrete  with  4:0%  of  mortar 
is  2%  stronger  than  that  with  33%"  of  mortar. 

TABLE  No.  7. 


Amount  of  Mortar. 

Strength  of  the 
40;^-  concrete 

four  months. 

33^ 

40%' 

in  terms  of  that  of 
the  33.°^. 

2  424 
1993 

1  933 

2  007 

2  448 
2  009 
1999 
2  096 

lOl.V 

loins' 

In  an  open  shed 

1045^ 
104  ?«• 

Mean 

2  089 

2  138 

103.V 

Summarizing  the  results  according  to  the  kind  of  cement  used. 
Table  No.  8  is  obtained.      It  is  remarkable  that  the  excess  strength 


TABLE  No.  8. 


Brand  of  Portland  cement. 

Amount  of  Mortar. 

Strength  of  the 
40?„'  concrete 

33,V 

40.V 

in  terms  of  that  of 
the  33;^ . 

Genesee 

Wayland 

iiiii 

2  344 
2  441 
2  295 
1655 
2  244 

91?^- 
101%- 

Empire 

Champion 

9ix 

Mean 

2  2G6 

2  256 

101%- 

for  the  concrete  containing  40%'  of  mortar,  differs  so  much  for  the  dif- 
ferent cements. 

It  is  hoped  that  the  author  will  explain  why  the  greater  percentage 
of  mortar  adds  so  little  to  the  strength  of  the  concrete,  and  also  why 


DISCUSSION    ON   THE   THEORY    OF    CONCRETE.  135 

tliis  increase  varies  so  greatly  for  the  different  cements.     The  writer  is  Mr.  Baker, 
unable  to  get  any  light  on  these  questions  from  the  published  data. 
The  experiments  are  so  extensive,  and  appear  to  have  been  conducted 
so  carefully,  that  it  does  not  seem  reasonable  to  assume  that  varia- 
tions therein  are  chargeable  with  the  above  remarkable  results. 

L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author's  criti-  Mr.  LeCoute. 
cism  on  the  present  practice  of  making  concrete  will  be  concurred  in 
by  every  engineer  who  has  given  the  matter  any  study.  It  is  a  hu- 
miliating spectacle  to  see  first-class  material,  manipulated  in  an  irra- 
tional and  wasteful  manner,  developing  results  which  cannot  be 
shown  to  possess  a  single  redeeming  feature. 

The  tabular  results,  submitted  by  the  author  are  full  of  interest- 
ing matter,  and  bring  out  prominently  one  feature  of  consider- 
able practical  importance  which  is  not  fully  appreciated  by 
engineers.  The  crushing  strength  of  ordinary  cement  mortars 
diminishes  very  nearly  in  proportion  to  the  quantity  of  sand 
added  ;  whereas  the  author's  tables  show  conclusively  that,  in  the 
ease  of  concrete,  this  general  law  is  materially  modified.  The 
same  general  law  of  diminution  of  strength  follows  until  the  theo- 
retic mortar,  3  to  1,  is  reached;  but  for  some  reason,  in  the  case  of  all 
the  lower  grades  of  concrete  blocks,  made  with  4  to  1,  5  to  1  and  6  to  1 
mortars,  the  corresponding  diminution  in  crushing  strength  is  notice- 
able, but  much  less  in  degree  than  would  natiirally  be  expected. 

Taken  as  a  class,  the  writer  thinks  the  lower-grade  concretes  are  very 
much  neglected  by  engineers.  In  most  cases  where  concrete  is  used  the 
unit-strength  of  the  concrete  is  not  called  into  play  at  all.  Dead  weight 
and  the  distribution  of  pressures  are  all  that  are  required,  and  the  lower- 
grade  concretes  fulfil  these  conditions  completely  and  economically. 

It  is  to  be  regretted  that  the  author  did  not  state  clearly  the  age  of 
the  concrete  tested,  the  footnote  leading  one  to  suppose  that  the 
blocks  were  about  12  months  old. 

As  to  the  relative  merits  of  dry,  plastic  and  excess  mortars,  the 
writer  thinks  there  is  much  more  danger  to  be  expected  from  the  lack 
of  water  than  from  an  excess. 

H.  Von  Schon,  Esq.  (by  letter).  — During  the  spring  and  summer  of  Mr.  VonSchon 
1898,  investigations  of  concrete  were  carried  on  under  the  writer's 
direction  at  Sault  Ste.  Marie,  Mich.,  for  the  purpose  of  establishing 
the  most  satisfactory  and  economic  constituents  and  mixtures  of  con- 
crete to  be  used  in  the  substructure  of  a  hydraulic  power  house.  The 
structure  in  question,  being  partly  subaqueous,  must  needs  be  of 
masonry,  and  as  the  only  available  native  material,  Potsdam  sandstone, 
was  considered  of  insufficient  homogeneity,  concrete  was  selected. 
The  character  of  the  construction  called  for  materials  of  great  density 
and  strength,  and  the  climatic  condition  for  resistance  to  low  tempera- 
ture, while  the  extent  of  the  work,  requiring  about  50  000  cu.  yds.  of 
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Mr .  Von  Schon.  concrete,  suggested  a  diligent  search  for  the  most  economical  mixture 
which  would  secure  the  desired  result.  It  was  therefore  to  determine 
the  kind  of  cement  and  aggregate,  and  the  ratio  of  mixtures  which, 
together,  would  yield  the  proper  material  for  the  purpose  in  hand,  that 
these  tests  were  entered  upon. 

The  general  jarogramme  as  outlined  for  these  tests  was: 

First. — To  operate  practically,  that  is,  to  avoid  the  introduction  of 
refinements  which  could  not  be  followed  in  actual  construction. 

Second. — To  establish  the  characteristics  of  all  materials  used, 
namely,  the  analysis  and  normals  of  the  cements;  the  weight,  voids, 
and  fineness  of  the  sand;  and  the  weight,  voids,  sizes  and  absorption  of 
materials  to  be  used  as  aggregates. 

Third. — To  make  two  concrete  bars  from  each  of  the  following  com- 
binations: Four  different  kinds  of  cement,  four  different  materials  for 
aggregates  and  four  different  ratios  of  mixtures. 

Fourth. — To  test  each  bar  to  the  breaking  point,  when  60  days  old, 
by  applying  a  load  at  the  center. 

All  the  manipulations  were  entrusted  to  two  men  who  had  had  the 
advantage  of  several  years'  training  in  the  United  States  cement  testing 
laboratory  at  this  point,  under  L.  C.  Sabin,  Assoc.  M.  Am.  Soc.  C.  E.,U.  S. 
Assistant  Engineer,  and  Mr.  W.  W.  Dann,  Assistant  Engineer,  who  had 
direct  supervision  and  kept  the  records.  A  building  was  conveniently 
arranged  with  material  bins,  testing  and  mixing  rooms.  Storage  for 
the  manufactured  bars  was  provided  for  outside  the  building. 
TABLE  No.  9. — Characteristics  of  Cements. 


Class  E. 

Class  R. 

Class  F. 

Class  N. 

fSilica 

23.08 
5.69 
5.35 

62.38 
1.21 
1.66 
0.60 

21.70 
8.76 
1.27 

63.55 
2.96 
1.12 
0.50 

27.48 

14^42 
50.39 

3.18 

4136 

23.16 

lion  oxide. . .          

Analysis.  1  Lime 

36  08 

20.38 

Potash  and  soda 

5  26 

[  Carbonic  acid,  etc 

7  07 

V^eight  per  cubic  foot,  in  pounds 

Fineness  passing  No.  100  sieve,  per  cent. 

No.  200      " 
Initial  set 

103.08 

91.4 

73.05 
1  h.  35  m. 
3  h.  10  m. 

98.45 

90 

71 
2  h.  25  m. 
4  h.  40  m. 

77.70 
99.00 
95.00 

1  h.  35  m. 

2  h.  30  m. 

62.78 
0  h.'  30  m. 

Hard  set 

1  h  00  m. 

Tensile  strength  1  :  3 

Lbs. 
235 
340 

Lbs. 
243 

322 

Lbs. 
170 
243 

Lbs. 
32 

28  days 

67 

Four  different  kinds  of  cement,  representing  the  chief  raw 
materials  from  which  American  cements  are  manufactured  (calcareous 
rock,  calcareous  earth,  natural  cement  rock  and  furnace  slag),  and 
each  of  them  a  cement  of  high  standing  among  its  class,  were  used  in 
these  tests.     The  sand  was  j)rocured  from  the  bed  of  St.  Mary's  Eiver, 
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TABLE  No.  10. — Characteristics  of  Sand  and  Aggregates.  Mr.  VonSchon. 


Sand. 

Sand- 
stone. 

Boulder 
stone. 

Gravel. 

Furnace 
slag. 

Size- 
Passing  1^-in.  ring,  per  cent 

Retained  on  1-in.  ring,  per  cent.. . . 
"  p-in.  ring, 
•'           "  No.    4  sieve,  per  cent. 
"      '•    10    •' 

"      '•    30     •' 

Passing             "   40    " 

12.52 

44.44 
38.87 

100.00 
100.00 





100.00 
100.00 

100.00 
10.70 
23.65 
8.70 
17.14 
21.76 
6.49 
5.96 
5.59 

"iiio 

2.86 
45.62 
36.92 
8.26 
3.24 
2.00 

Weight  per  cubic  foot  dry,  pounds. . . . 

96.45 

79.32 

84.00 

107.36 

126.23 

Weight  per  cubic  foot  wet,  pounds 

113.46 

82.62 

86.70 

Voids  in  per  cent,  of  volume 

41.7 

45.3 

48.7 

34.08 

43  8 

TABLE  No.   11. 


-Eelative  Volumes  of  Constituents  in  One  Cubic 
Foot   op  Concrete. 


Using  Sand  Stone  for  Aggregate. 


Cement- 
Class  E 0.1919.5 

"       R 0.1918. G 

"       F jo. 19  14. 

"       N 0.1911.9 

Lime 

Sand 10.45  43.7 

Water J0.11|  7.0 

Sandstone  (S.  S.). . . .  ll.O   82.6 


1.000.21 
1.00:0.21 
1.000.21 
1.00,0.21 


2.4  10.50 
0.6  0.13 
5.3  ll.O 


23. 
23  22. 

17. 
23  14. 


71.00  0, 

6  1.00  0, 
Sl.OOjO. 
31.000. 


35  25. 
25  24. 


,42.4 
00.6 
6'4.4 


16jl0 

00'82 


.00  0.1919. 
.000.19118. 
.00,0.19|14. 

.000.19,11. 
...0.06*  3. 
.4  '0.60  58. 
.6  ,0.19ll2. 
.0  Il.00l82. 


Cements 

Class   E 

"       R 

"       F 

•'       N 


Using  Boulder  Stone  for  Aggregate. 


0.20 
|0.20 
lO 
0.20 

Sand 0.49 

Water 0.13 

Lime 

Boulder  Stone  (B.  S.).  1.0 


21. 0  1. 00  0.22,23. 0^1.00,0.24,25. 3,1. 00  0.26 
20.0  1 .00  0.22  23.011.00  0.24  24.1  1.00  0.26 
15.7  1 .00:0.22  17.411.00  0.24119.0  1.00  0.26 
12. 7  1.00  0.23  14. 01. 00  0.24115.4  1.00  0.36 
47.0  3.45  0.54  52. 0I3. 45  0.59156.6  2.45  0.64 
8.010.65  0.14|  9.0j0.65  0.15110.0  0.65,0.16 


86.75.0    1.0   86.74.351.0   86.74.161.0 


1.00;0.20 
1.00  0.20 
1.000.20 
1.00  0.30 
2.460. 
0.650.30 
....  0.06 
7  3.85  1.0 


Lime  weighs  63.75  lbs.  per  cubic  foot. 
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Mr.  Von  Schon.  and  is  known  as  Point  aux  Pins  sand.  The  materials  used  for 
aggregates  were  of  the  native  Potsdam  sandstone,  granitic  boulder 
stone,  gravel  and  furnace  slag  (see  Tables  Nos.  9  and  10). 

The  ratios  used  were:  For  the  "A"  mixture,  such  proportions  as 
would  just  fill  the  voids,  and  for  "  B,"  "  C"  and  "  Z)"  mixtures  of 
a  respective  addition  of  5,  10  and  15%  of  mortar  to  the  "  A  "  mixture. 
A  few  bars  were  made  of  mixture  "^"  having  the  ratio  of  "D" 
mixtiire,  but  substituting  lime  for  the  cement  in  the  excess  mortar 
quantity.  Table  No.  11  gives  the  quantities  and  ratios  of  materials  for 
each  of  the  above  mixtures,  yielding  theoretically  1  cu.  ft.  of  concrete. 

Knock-down  forms  were  constructed  of  thoroughly  seasoned  timber 
lined  with  tin,  the  inside  dimensions  being  precisely  6  ins.  square  and 
about  24  ins.  long.  The  mixing  was  done  in  batches  of  1  cu.  ft.  of 
concrete,  from  which  two  forms  were  filled.  The  operations  were  the 
customary  ones,  namely,  spreading  dry  sand  on  clean  platforms, 
adding  the  cement,  mixing  the  sand  and  cement  dry,  adding  water, 
mixing  the  mortar,  spreading  the  wet  aggregate  on  a  second  platform, 
adding  mortar  to  the  aggregate,  mixing  the  concrete,  filling  the 
concrete  in  the  form  in  6-in.  layers  and  ramming. 

The  mixing  tools  used  were  spades  and  hoes.  Water  was  used 
from  the  city  supply  at  its  natural  temperature,  about  50°  Fahr. ;  the 
quantity  was  determined  by  the  condition  of  the  mortar,  which  was 
kept  just  plastic,  without  any  water  standing  on  or  running  from  it. 
The  rammers  used  for  tamping  were  of  oak,  weighing  abovit  8  lbs. 
The  weight  of  all  materials  used,  of  the  forms  before  filling  and  of 
the  excess  material  after  filling,  was  taken  accurately  and  recorded. 
All  bars  were  made  during  April  and  May,  1898,  and  broken  at  an  age 
of  60  days,  during  June  and  July,  1898. 

After  filling  the  forms,  the  end  of  each  bar  was  marked  by  its 
serial  number,  weighed  and  left  undisturbed  for  from  2  to  8  days, 
when  the  form  was  removed  and  the  bar  placed  in  storage.  At  the 
age  of  60  days  each  bar  was  weighed  and  then  broken.  The  breaking 
apparatus  consisted  of  two  rigid  timber  frames  18  ins.  apart,  and  of  a 
scale  platform  suspended  from  a  steel  beam  of  triangular  shape.  The 
bar  was  adjusted  on  the  frame,  the  scale  beam  with  knife-edge  on  the 
center  of  the  bar,  and  the  platform  was  loaded  with  weights,  and 
finally  by  pouring  sand,  until  the  bar  broke,  when  all  weights  were 
taken  and  recorded.  The  fractures  of  the  broken  bars  were  examined, 
and  those  of  exceptional  appearance  were  photographed. 

Some  of  the  broken  bars  were  kept  for  a  year,  during  which  time 
they  were  exposed  to  the  prevailing  weather  of  the  summer  and  winter 
season,  the  latter  being  especially  severe  and  long.  They  were  then 
re-examined,  weighed,  placed  in  water  of  natural  temperature  and 
weighed  daily  until  no  additional  absorption  was  observable  (see 
Table  No.  13.) 
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TABLE  No.  12. — History  of  Fabricated  Bars  and  Breaking  Tests.  Mr.  VonSchon. 


Fabricating  Data. 

Test  Data. 

1 

t 

Days 

IN 

Weight 

"S 

Weight 
•of  bar. 

of  bar 
before 

Breaking 
weight. 

Character  of 

'o 

break. 

6 

6 

< 

s 

Form. 

Air. 

breaking. 

(1) 

(•<!) 

(3) 

(4) 

(5) 

(6) 

C) 

(8) 

(9) 

(10) 

1.. 

E 

S.  S. 

A 

73.5 

2 

58 

71.0 

1422.5 

Cl»an  and  sharp. 

2.. 

E 

s.  s. 

A 

73.5 

2 

58 

71.0 

1380.75 

11                         n 

9.. 

E 

s,  s, 

B 

73.5 

5 

55 

71.5 

1798.75 

11                   I. 

10.. 

E 

s.  s. 

B 

76.0 

5 

55 

72.0 

1671.0 

17.. 

E 

s.  s. 

C 

75.0 

3 

57 

72.25 

2302.25 

I.                   " 

18.. 

E 

s.  s. 

c 

75.25 

3 

57 

72.5 

2179.00 

it                         i; 

25.. 

E 

s.  s. 

D 

77.75 

5 

55 

75.25 

2634.25 

"                          '■ 

26.. 

E 

s.s. 

D 

78.i;5 

5 

55 

75.75 

2567.75 

11                         li 

33 

E 

s.  s 

E 

73.25 

6 

54 

69.25 

862.00 

'•                          " 

34;; 

E 

s.s 

E 

73.25 

6 

54 

777.25 

"                          " 

3.. 

R 

s.s. 

A 

76.25 

2 

58 

72!5 

1444.25 

n                         u 

4.. 

R 

s.s. 

.A 

72.25 

2 

58 

69.5 

1264.00 

"                          " 

11.. 

R 

s.s. 

B 

75.5 

5 

55 

73.5 

1461.00 

"                          " 

13.. 

R 

s.s. 

B 

75.0 

5 

55 

73.0 

1339.75 

"                  .        " 

19.. 

R 

s.s. 

C 

76.75 

5 

55 

74.5 

2131.00 

u                         t. 

20.. 

R 

s.s. 

C 

76.5 

5 

55 

74.5 

2064.5 

"                          " 

27.. 

R 

s.s. 

D 

75.5 

5 

55 

72.5 

2307.00 

"                          " 

28.. 

R 

s.s. 

D 

77.75 

5 

55 

75.0 

2627.75 

"                          " 

35.. 

R 

s.s. 

E 

72.5 

6 

54 

69.0 

1558.5 

u                         n 

36 

R 

s.s. 

E 

74.5 

6 

54 

71.0  • 

1357.0 

"                          " 

5:: 

F 

s.s. 

A 

72.25 

5 

55 

69.75 

621.75 

Rough  and  crumbly. 

6.. 

F 

s.s. 

A 

74.5 

5 

55 

71.5 

511.5 

"                 " 

13.. 

F 

s.s. 

B 

75.25 

3 

57 

72.5 

903.75 

Clean. 

14.. 

F 

s.s. 

B 

75.00 

3 

57 

72.25 

933.5 

21.. 

F 

s.s. 

C 

73.00 

5 

£5 

71.00 

1153.00 

Clean  but  green. 

22.. 

F 

s  s. 

C 

76.75 

5 

55 

74.75 

1373.00 

29.. 

F 

s.s. 

D 

77.00 

6 

54 

74.5 

"                 " 

80.. 

F 

s.s. 

D 

77.00 

6 

54 

74.5 

919 [75 

37.. 

F 

s.s. 

E 

73.25 

6 

54 

71.0 

1013.25 

.1 

38.. 

F 

s.s. 

E 

75.25 

6 

54 

73.0 

1034.50 

t.                li 

7 

N 

s.s. 

A 

67.0 

5 

.55 

Brolce  in 

handling 

8.. 

N 

s.s. 

A 

5 

55 

15.. 

N 

s.s. 

B 

73!75 

8 

52 

69.0 

285.5 

Crunibled. 

16.. 

N 

s.s. 

B 

73.75 

8 

52 

70.25 

305.75 

23.. 

N 

s.s. 

C 

73.5 

5 

55 

69.0 

284.75 

'• 

24.. 

N 

s.s. 

c 

73.5 

5 

55 

69.0 

229.50 

" 

31.. 

N 

s.s. 

D 

73.75 

6 

54 

69.0 

351.25 

" 

N 

s.s. 

D 

74.00 

6 

54 

69.75 

281.00 

>•' 

39;; 

N 

s.s. 

E 

74.00 

10 

50 

69.00 

267.00 

" 

40.. 

N 

s.s. 

E 

72.75 

10 

50 

67.5 

246.5 

41.. 

E 

B.S. 

A 

79.25 

4 

56 

77.25 

2386  00 

Clean  and  sharp. 

42.. 

E 

B.S. 

A 

79.00 

4 

56 

77.25 

2829:75 

1.                " 

49.. 

E 

B.S. 

B 

77.25 

23 

75.5 

2391.5 

11                " 

50.. 

E 

B.S. 

B 

80.25 

23 

33 

78.75 

2861.00 

"                " 

57.. 

E 

B.S. 

C 

80.25 

18 

42 

78.75 

2849.25 

58.. 

E 

B.S. 

C 

80.25 

18 

42 

78.5 

3120.75 

I.                              u 

65.. 

E 

B.S. 

D 

81.75 

5 

55 

80.0 

3361.75 

'■                    " 

66.. 

E 

B.S. 

D 

79.75 

5 

55 

77.75 

3200.5 

u                         n 

73.. 

E 

B.S. 

E 

78.00 

2 

58 

75.5 

2480.0 

11                                      .1 

74.. 

E 

B.S. 

E 

78.03 

2 

58 

75.25 

2800.75 

11                                      11 

43.. 

R 

B.S. 

A 

79.75 

4 

56 

77.5 

3119.00 

11                                      11 

44.. 

n 

B.S. 

A 

79.75 

4 

56 

77.5 

2486.00 

11                                      It 

51.. 

R 

B.S. 

B 

81.25 

32 

38 

79.5 

3121.75 

11                                      11 

52.. 

R 

B.S. 

B 

79.. 5 

22 

38 

77.5 

3386.75 

11                                      It 

59.. 

R 

B.S. 

C 

80.0 

18 

42 

78.75 

2988.00 

1.                                      11 

60.. 

R 

B.S. 

c 

80.0 

18 

42 

78.50 

3282.. 50 

67.. 

R 

B.S. 

D 

80.0 

5 

55 

77.75 

3289.50 

1.                                      11 

68.. 

R 

B.S. 

D 

80.5 

5 

55 

78.25 

3004.25 

75.. 

R 

B.S. 

E 

78.25 

2 

58 

74.00 

2499.25 

11                                      11 

76.. 

R 

B.S. 

E 

79.25 

2 

58 

76.50 

2653.00 

11                                      It 

Mr.  VonSchon. 
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TABLE  No.   12.— {Concluded.) 


(1 

C^) 

(3) 

(*) 

(5) 

(6) 

(7) 

(8) 

(») 

(10) 

45 

.       F 

B.S. 

A 

80.00 

4 

56 

77.5 

1183.25 

Clean  but  green. 

46 

.       F 

B.S. 

A 

73.00 

4 

56 

70.75 

901.00 

53 

.      F 

B.S. 

B 

81.00 

18 

42 

79.35 

1266.75 

u                         '• 

54 

.       F 

B.S. 

B 

79.75 

18 

43 

78.00 

1490.25 

U                                     il 

61 

.      F 

B  S. 

C 

80.35 

6 

54 

78.5 

1163.75 

"                   " 

63 

.       F 

B.S. 

V. 

78.50 

6 

54 

77.0 

1456.50 

"                   11 

69 

.       F 

B.S. 

D 

77.75 

5 

55 

75.5 

1078.00 

I.                                 n 

70 

.       F 

B  S 

D 

79.50 

5 

55 

77.35 

978.5 

"                   " 

77 

.       F 

B.S. 

K 

78.00 

4 

56 

75.75 

956.35 

Vl                                     " 

78 

.       F 

B.S. 

E 

78.35 

4 

56 

75.75 

935.25 

"                                      "• 

47 

.      N 

B.S. 

A 

75.75 

32 

38 

71.5 

364.35 

Crumbled. 

48 

.      N 

B.S. 

A 

79.75 

22 

38 

75.35 

414.5 

55 

.      N 

B.S. 

B 

77.35 

18 

43 

72.25 

367.0 

" 

56 

.      N 

B.S. 

B 

77.00 

18 

43 

70.5 

560.0 

'• 

63 

.      N 

B.S. 

a 

77.75 

9 

51 

73.75 

596.0 

" 

64 

.      N 

B.S. 

c 

77.35 

9 

51 

73.35 

422.5 

" 

71 

.      N 

B.S. 

D 

75.0 

8 

53 

71.0 

203.0 

" 

73 

.      -V 

B.S. 

D 

77.0 

8 

53 

72.0 

318.75 

'• 

79 

.      N 

B.S. 

E 

77.25 

4 

56 

73.5 

'    486.0 

" 

80 

.      N 

B.S. 

E 

77.75 

4 

56 

73.0 

419.5 

Note.— An  excess  of  variable  quantity  remained  over  after  the  making  of  each  pair 
of  bars. 


TABLE  No.  13.— Absorption  Tests. 


No.  of  bar. 

Age,  in  days. 

Weight  of  bar. 

Condition 

before 
absorption. 

Weight,  in  Pounds,  after 
BEING  Submerged. 

Iday. 

2  days. 

1 

381 
381 
381 
379 
376 
376 
370 
346 
346 
346 
343 
343 
325 
320 

71 
50 
73 
39 

74 

72 

69 

77 

75.5 

79.5 

78.5 

78.5 

73 

hard. 

crumbling, 
hard. 

74.0 
51.5 
75.5 
40.0 
76.0 
73.5 
72.5 
78.5 
76.5 
81.0 
79.5 
79.5 
75.0 
78.5 

74.0 

9 

.51.5 

11.                

75.5 

17 

40.0 

19 

76.0 

27              

73.5 

35 

73.5 

41 

78.5 

49 

76.5 

51                  ... 

81.0 

57 

79.5 

59 

79.5 

75.0 

67 

78  5 

Note.— The  temperature  of  the  water  in  which  bars  were  submerged  was  tliat  of 
the  water  in  St.  Mary's  River,  about  50°  Fahr. 


The  results,  as  observed  from  these  tests,  are  summarized  in  Table 
No.  14  and  Fig.  1,  from  which  deductions  can  be  drawn  by  those 
interested  in  investigations  of  the  theory  of  concrete. 
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TABLE  No.  14. — Tabulated  Eesults. 
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Mr.  VonSehon. 


Kind 

OF  Concrete. 

0^  ^- 

Kind 

OP  Concbete. 

5'. 

■So 

b^o 

Cement. 

Aggre- 
gate. 

Mixture. 

a' 

Cement. 

Aggre- 
gate. 

Mixture. 

S^ 

'Hi 

£• 

S.  S. 
S.  S. 
S.  S. 
S.  S. 
S.  S. 

A 
B 
C 
D 
E 

9.91 
12.33 
15.75 
18.26 

5.87 

9.6 

7.0 
6.0 

E 

B.  S. 
B.  S. 
B.  S. 
B.  S. 
B.  S. 

A 
B 
C 
D 
E 

18.16 
18.44 
30.93 
33.64 
18.53 

4.8 

E 

3.2 

E 

3.3 

E 

E 

E 

E 

B 

S.  S. 

A 

9.59 

R 

B.  S. 

A 

19.49 

R 

s.  s. 

B 

9.91 

8.0 

R 

B.  S. 

B 

20.80 

4.8 

R 

s.  s. 

C 

14.76 

6.4 

R 

B.  S. 

C 

31.98 

3.2 

R 

s.  s. 

D 

17.32 

4.8 

R 

B.  S. 

D- 

32.05 

3  2 

R 

s.  s. 

E 

10.31 

11.3 

R 

B.S. 

E 

18.09 

F 

s.  s. 

A 

4.13 

F 

B.  S. 

A 

8.12 

F 

s.  s. 

B 

6.57 

F 

B.S. 

B 

9.78 

F 

s.  s. 

C 

8.96 

F 

B.S. 

C 

9.30 

F 

s.  s. 

D 

6.79 

F 

B.S 

D 

8.03 



F 

s.  s. 

E 

7.29 

\F 

B.S. 

E 

6.84 

N 

s.  s. 

A 

0.00 

N 

B.S. 

A 

2  89 

N 

s.  s. 

B 

2  33 

N 

B.S. 

B 

3.05 

N 

s.  s. 

C 

1.87 

N 

B.S. 

C 

3.73 

9.6 

N 

s.  s. 

D 

3.37 

N 

B.  S. 

D 

2.00 

N 

s.  s. 

E 

1.96 

N 

B.S. 

E 

3.33 



Note.— Constant  "C 


Span  in  feet  X  Load  in  pounds. 
Width  in  inches  X  Depth  in  inches- 
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[r.  Fuller.  WiLLiAM  B.  FuLLEK,  M.  Am.  Soc.  C.  E.  (by  letter). — There  is  one 
I^oint  wliicli,  it  seems  to  the  writer,  has  not  been  made  suiBciently 
clear  in  this  discussion,  although  it  is  really  the  basis  of  the  most 
economical  mixture  for  any  given  quantity  of  cement.  If  we  make  a 
concrete  by  using  merely  cement  and  sand,  or  cement  and  stone,  it 
will  take  a  large  amount  of  cement  to  fill  the  voids  in  the  sand,  or  in 
the  stone,  for  any  given  quantity  of  concrete;  but  if  we  make  a  con- 
crete of  cement,  sand  and  stone,  the  sand  fills  the  larger  voids  in  the 
stone  and  the  cement  has  only  to  till  the  remaining  voids  in  the  mass; 
a  very  much  smaller  percentage  than  in  either  of  the  first  two  cases. 
If,  in  the  mixture  of  cement,  sand  and  stone,  the  sand  and  stone  are  not 
in  projier  proportions,  the  cement  is  called  ui^on  to  do  more  work  than 
it  should;  that  is,  it  has  to  fill  the  larger  voids  of  this  excess  material. 
Take,  for  instance,  sand  having  45%  voids,  and  stone  having  40%  voids. 
With  the  sand  just  filling  the  voids  of  the  stone,  it  is  easily  calculated 
that  the  resultant  mass  has  18%  voids;  but  supposing  an  excess  of 
10%  of  sand,  there  would  be  10%  of  the  material  having  45%  voids, 
which  means  there  would  be  2.5%  more  voids  in  the  resultant  mass. 

The  2.5%  of  cement  necessary  to  fill  these  extra  voids,  it  is  seen,  is 
really  wasted,  for  the  resultant  concrete  would  have  been  much 
stronger  if  the  sand  had  been  decreased  and  the  stone  increased,  leav- 
ing the  same  amount  of  cement  2.5%  in  excess  in  the  mass. 

The  above  example  indicates  what  frequently  happens  in  mixing 
concrete.  Indeed,  it  is  what  is  frequently  advocated  in  discussion  and 
by  writings  on  the  subject;  that  is,  to  make  up  a  mortar  of  cement 
and  sand  and  mix  this  mortar  with  the  stone,  being  sure  that  the 
mortar  is  slightly  in  excess,  so  as  to  fill  all  the  voids  of  the  stone. 

This  is  what  is  known  as  drowning  the  stone,  and  the  resultant  con- 
crete is  hardly  any  better,  so  far  as  its  properties  are  concerned,  than 
a  concrete  of  cement  and  sand  alone.  After  the  stone  is  once  drowned 
no  addition  of  mortar  will  improve  the  concrete. 

The  writer  has  frequently  made  a  rich  concrete  of  a  poor  one  by 
simply  rearranging  the  proportions  of  sand  and  stone  without  in  the 
least  changing  the  proportions  of  cement  in  the  mass. 

It  must  be  apparent  that  there  is  just  one  proportion  and  only  one 
in  which  any  two  such  materials  as  sand  and  stone  can  be  combined 
and  give  a  minimum  number  of  voids  in  the  resultant  mass,  and  it 
seems  to  the  writer  that  this  is  the  proportion  in  which  they  should 
always  be  mixed,  whether  we  Avant  a  jjoor  or  a  rich  concrete.  Mix  the 
sand  and  the  stone  in  a  definite  fixed  quantity  as  determined  by 
experiment  for  the  particular  material  in  use,  and  then  add  cement  as 
economy  dictates,  possibly  up  to  10%  in  excess  of  the  voids  of  the  com- 
bined material. 

This  suggests  another  proposition,  which  must  be  almost  self- 
evident,    namely,    that  the  proper  selection  and  grading  of  the  sand 
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and  aggregate  so  as  to  produce  the  least  number  of  voids  will  Mr.  Fuller, 
allow  of  a  corresponding  reduction  in  the  amount  of  cement  used, 
without  rediicing  the  quality  of  the  concrete  desired.  In  making  up 
such  mixtures,  however,  the  necessary  relation  of  the  size  of  the  par- 
ticles of  the  different  materials  should  be  kept  in  mind,  that  is,  the 
particles  of  each  material  should  be  small  enough  to  enter  easily  the 
voids  formed  by  the  particles  of  the  next  larger  material;  otherwise, 
they  will  be  left  out  and  themselves  form  voids,  which  must  be  filled  by 
the  finer  material  or  remain  unfilled,  to  the  detriment  of  the  concrete. 

It  is  quite  common  to  find  sand  used  which  is  too  fine  for  the 
cement,  or  sand  in  which  the  larger  particles  act  merely  as  stone,  or 
stone  with  its  voids  partly  filled  with  sand  or  dust. 

The  proper  proportions  of  sand  and  stone  can  be  determined  by 
mixing  sample  batches  and  determining  their  voids  by  any  of  the 
well-known  methods;  or,  another  very  satisfactory  method,  as  it  also 
gives  information  as  to  the  relative  sizes  of  the  matel-ials,  is  to  make  a 
mechanical  analysis  of  all  the  materials  in  the  manner  prescribed  by 
the  Massachusetts  State  Board  of  Health  for  the  analysis  of  sands,  and 
from  the  resultant  curves  figure  the  composition  giving  the  highest 
uniformity  coeflicient.  The  writer  has  used  the  foregoing  methods  in 
concrete  structures  with  iiniform  success  in  the  reduction  of  the 
amoi;nt  of  cement  required,  without  reducing  the  apparent  quality, 
and,  by  changes  in  the  proportions  of  the  aggregates,  has  maintained  a 
uniform  quality  of  concrete,  through  the  use  of  a  wide  range  of  aggre- 
gates, without  changing  the  percentage  of  cement. 

In  discussing  the  relative  merits  of  hand-mixed  and  machine-mixed 
concretes  it  is  quite  essential  that  the  kind  of  machine  with  which 
the  comparison  is  made  should  be  stated,  as  there  is  as  much  differ- 
ence between  the  products  of  different  machines  as  between  that  of 
good  and  poor  hand-mixing.  With  a  machine  of  the  cubical-box  type, 
into  which  all  the  materials,  including  the  water,  can  be  measured 
accurately,  the  product,  as  far  as  observation  can  establish  it,  is 
superior  to  the  best  hand  work.  With  such  a  machine  the  writer  has 
seen  concrete,  of  almost  absolutely  unvarying  quality  and  consistency, 
produced  for  days  at  a  time. 

G.  L.  Christian,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr.  Christian, 
has  had  considerable  experience  with  hand-made  concrete,  but  none 
with  machine-made. 

The  hand-made  concrete,  to  be  of  any  use,  requires  continual,  hard 
and  conscientious  work  on  the  part  of  the  mixers,  and  continiial 
inspection  by  an  intelligent,  live  and  honest  inspector,  who  will  always 
insist  on  having  everything  done  well. 

The  instant  the  inspector  tvirns  his  back,  the  temptation  to  turn 
the  water  on  the  mortar,  before  the  sand  and  cement  are  thoroughly 
mixed,  and,  in  fact,  before  they  are  mixed  at  all,  is  too  much  for  the 
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Mr.Xhristian.  average  laborer  to  resist,  especially  if  he  is  hard  pushed  and  the  day 
is  hot.  Taking  all  things  into  consideration,  the  writer  would  expect 
to  find  machine-made  concrete  superior  to  hand-made  in  a  large 
majority  of  cases. 

Only  in  cases  where  concrete  is  exposed  to  the  sun  does  the  writer 
agree  with  Mr.  Gould  as  to  the  advisability  of  keeping  concrete  moist 
for  a  long  time  after  being  placed  in  the  work.  The  writer  has 
reached  this  conclusion,  partly  as  a  result  of  a  test  of  quite  a  number 
of  briquettes  which  were  mixed  about  five  years  ago  and  recently 
broken.  Some  were  of  neat  cement,  some  2  to  1  and  some  3  to  1.  One 
set  of  each  of  these  was  mixed  Avith  fresh  water,  one  with  'd%  salt 
water,  and  the  other  with  13%  salt  water.  Half  of  each  set  of  briquettes 
was  laid  away  on  wooden  shelves  in  a  warm  office  soon  after  mixing, 
and  the  other  half  was  placed  in  water  and  kept  there  until  ready  to  be 
broken.  Many  of  these  briquettes,  have  been  broken,  and,  so  far, 
those  of  whatever  "kind  which  were  kej^t  dry  have  shown  the  greatest 
tensile  strength. 

The  writer  was  at  one  time  a  firm  believer  in  the  dry  mixing  of 
concrete,  biit  having  seen  several  thousand  cubic  yards  mixed  dry  and 
placed  to  a  dej^th  of  6  ins.  over  a  reservoir  bottom,  and  afterward  over 
3  000  cu.  yds.  mixed  wet,  in  the  proportion  1:  3:  6,  and  placed  in  the 
other  half  of  the  same  reservoir,  he  became  a  firm  advocate  of  wet  mixing. 

A  careful  force  account  was  kept  on  the  last  3  000  cu.  yds. ,  in 
order  to  ascertain  the  actual  cost  per  cubic  yard.  The  wages  jsaid 
were:  Foremen,  $2.50;  laborers,  .$1.35;  and  teams,  including  driver, 
$4.00  per  day.  To  the  cost  of  each  item  in  the  force  account  9%  has 
been  added  for  superintendent,  timekeeper,  office  help,  etc.,  and  is 
included  in  the  figures  here  given.  The  cost  of  blasting  is  not  included, 
because  the  contractor  was  paid  for  excavating  the  rock,  so  that  the 
cost  begins  with  the  loading  and  hauling  to  the  crusher.  The  average 
haul  was  400  ft.  to  and  from  the  crusher. 

The  cost  per  cubic  yard  is  subdivided  as  follows: 

Sand $0.40 

Natural  cement 1 .  18 

— $1.58 

Loading  and  hauling  to  crusher..  $0.27 

At  crusher 0.21 

Rent  of  "       0.01 

Coal  at  "       0.05 

Hauling  from  "       0 .  16 

0.70 

Concreting  gang : 

Foremen $0.05 

Laborers 0 .  54 

Teams 0.09 

0.68 

Total $2.96 
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Alfred  F.  Harley,  M.  Am.  Soc.  C.  E.  (by  letter).— The  "theory  Mi-.Harley. 
of  concrete  "  is  certainly  a  subject  iipon  which  civil  engineers  should 
be  well  informed,  but,  nevertheless,  the  fact  remains  that  the  execu- 
tion is  invariably  left  to  a  contractor,  who,  while  carrying  out  the  in- 
structions of  the  civil  engineer,  is  required  to  guarantee  the  success 
and  perfection  of  the  work. 

On  one  occasion  the  writer  was  consulted  by  the  proprietor  of  a 
livery  stable  who  had  taken  from  a  local  contractor  a  sub-contract  for 
hauling  cement,  sand  and  broken  stone  by  the  cubic  yard,  and,  upon 
l^resenting  the  bill,  was  informed  by  the  contractor  that  inasmuch  as 
the  concrete  had  required  1  part  of  cement,  3  parts  of  sand  and  6  parts 
of  broken  stone,  making  a  total  of  10  parts,  while  the  actual  number 
of  square  yards  of  concrete  laid,  6  ins.  thick,  was  approximately 
60  000  sq.  yds.,  or  about  10  000  cu.  yds.  of  concrete,  and  consequently 
the  stable  proprietor  could  only  have  hauled  1  000  cu.  yds.  of  cement, 
3  000  cu.  yds.  of  sand  and  6  000  cu.  yds.  of  broken  stone.  All  of 
which  argument  the  livery  stable  proprietor  followed  very  clearly 
in  mind,  but  failed  to  check  with  the  actual  number  of  loads  the 
teams  had  carried,  even  when  taking  into  consideration  the  assumption 
that  a  quantity  of  the  material  might  have  been  drojjped  along  the  road. 
The  writer  was  not  made  a  party  to  the  settlement  finally  reached, 
but  the  shrinkage  of  the  material  when  rammed  was  certainly  not 
taken  into  consideration. 

The  writer  cannot  agree  with  Mr.  Tillson  as  to  the  economic  use 
of  a  machine-mixer  for  street  concrete  work.  The  figures  Mr.  Tillson 
gives  should  at  least  be  reversed,  7  cents  being,  in  the  writer's  esti- 
mation, a  minimum  figure  for  hand-made  concrete  and  10  cents  a 
minimum  figure  for  machine-mixed  concrete.  Neither  is  the  result 
equally  good,  in  the  writer's  opinion.  The  wheeling  for  any 
distance  in  a  barrow  tends  to  bring  the  mortar  to  the  bottom,  while 
the  most  valuable  jiart  of  the  concrete,  commonly  called  "the  slush," 
is  wasted  along  the  run-boards  and  could  not  be  picked  up  and  used 
before  the  initial  set  had  taken  place;  while  the  amount  of  water 
cannot  be  regulated  as  nicely  in  the  closed  trough  of  the  machine  as 
when  allowed  to  run  on  the  concrete  from  a  hose  as  it  is  turned  over 
by  hand. 

Where  continuous  shoveling  has  to  be  performed,  as  with  concrete 
mixed  by  hand,  it  is  infinitely  less  fatiguing  to  the  laborer  if  a  steel 
plate  is  used  to  shovel  on  instead  of  boards.  Gravel  is  also  much  more 
easily  shoveled  than  broken  stone. 

Mr.  Dunham's  remarks  in  regard  to  the  use  of  broken  stone  and 
the  dust  obtained  in  breaking  are  interesting.  In  gravel  deposits 
there  is  found  frequently  a  good  quality  of  sand  in  such  i^i'oportion 
as  to  fill  entirely  the  voids  between  the  gravel.  A  great  many  civil 
engineers  reqiiire  the  material  to  be  screened,  and  the  sand  and  gravel 
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Mr.  Harley.  iised  separately  in  the  proportion  specified.  Lately,  this  class  of 
material  has  been  used  hy  a  Government  official  without  screening, 
and  with  very  good  result;  and  it  is  only  reasonable  to  suppose  that 
at  the  time  the  gravel  deposit  was  formed,  the  voids  were  filled 
entirely  with  the  fine  particles  of  sand  washed  into  as  close  a  jjosition 
as  they  could  very  well  occujiy. 

The  advantage  in  hand-mixed  concrete,  in  the  writer's  estimation, 
is  not  only  in  cost,  bnt  in  the  rapidity  with  which  the  concrete  is  put 
into  position  after  being  mixed,  and  the  proximity  of  all  the  materials 
to  their  final  resting  jjlace.  One  practice  which  the  writer  very  firmly 
believes  in  following,  is  to  throw  a  few  shovels  full  of  mortar,  when 
mixed  on  the  board,  over  the  top  of  the  last  batch  of  concrete  just 
previously  laid,  and  by  this  means  fill  the  interstices  flush  with  the 
surface  of  the  concrete.  It  might  be  claimed  that  a  batch  would  then 
contain  less  mortar  than  it  should,  but  this  is  not  so,  inasmuch  as  the 
operation  is  repeated  over  each  batch  thrown  into  position. 

In  New  Orleans,  during  the  execution  of  some  contracts,  the  writer 
had  an  opi^ortuuity  to  run  a  hand-concrete  gang  at  the  same  time 
that  another  firm  of  contractors  was  operating  a  concrete-mixer  gang, 
and  not  only  in  the  employment  of  less  men,  but  also  in  the  number 
of  square  yards  laid  during  the  day,  were  the  results  of  the  two  methods 
under  discussion  apparent,  and  decidedly  in  favor  of  the  hand-mixed 
concrete. 

A  day's  work,  in  running  three  boards  extending  the  full  width  of 
the  street,  would  average  about  900  sq.  yds.  of  concrete  6  ins.  thick, 
which  result  is  all  that  could  be  wished,  from  the  following  gang  : 

6  wheel-barrow  men — broken  stone  or  gravel. 
3       "  "  "  — sand. 

1  "  "       man — cement. 

2  men  opening  cement. 

7  "      dry  mixing. 

8  "     taking  off  boards. 

3  "     tamping  concrete. 
3     "     grading  concrete. 

1  man  attending  to  run  j^lanks. 

3  water  boys. 

1  or  2  extra  men,  or,  in  all,  say,  40  men. 
The  writer  believes  that  Mr.  Hall  will  find  it  quite  customary  in 
Europe  to  use  broken  stone,  gravel,  sand  and  cement  in  concrete, 
in  certain  quantities. 
Mr.  Rafter.  "  Geokge  W.  Eaftee,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author 
desires  to  express  satisfaction  at  the  appreciative  discussion  of  the 
paper.  That  there  is  an  important  place  in  the  literature  of  con- 
crete for  a  paper  of  this  character  is  well  indicated  by  the  remark  of 
Mr.  Fowler  : 
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"  Many  writers  on  this  subject  Lave  assumed  that  every  conciete,  Mr.  Rafter 
no  matter  what  the  proportions  may  be,  has  simply  a  yard  of  broken 
stone,  without  regard  to  the  fact  that  there  is  more  or  less  mortar  in 
different  liroj^ortions." 

The  author  has  been  greatly  surprised,  in  looking  over  the  literature 
of  concrete,  to  see  how  far  this  fallacy  has  been  accepted.  It  has  also 
been  matter  of  surprise  to  find  a  nearly  absolute  dearth  of  definite  in- 
formation as  to  the  amount  of  mortar  and  concrete  jjroduced  by  defi- 
nite proportions  of  cement,  sand  and  broken  stone,  as  well  as  the  unit 
weight  of  the  resultant  concrete. 

This  paper,  taken  in  connection  with  the  more  extended  informa- 
tion given  in  the  report  to  the  State  Engineer  and  Surveyor  of  New 
York,  is  an  attempt  to  suj^ply,  in  some  slight  degree,  what  appears, 
after  study  of  the  question,  to  be  a  very  material  deficiency.  The 
results  are,  however,  unsatisfactory  to  the  author  in  this  particular  ; 
that,  having  laid  out  the  plan  of  work,  no  special  study  of  the  data 
was  made  until  about  two  years  after  the  completion  of  the  tests.  This 
was  a  mistake.  The  data  should  have  been  tabulated  and  studied 
from  day  to  day  during  the  progress  of  the  tests.  Had  this  been  done, 
there  seems  to  be  no  doubt  that  some  of  the  irregularities  of  the 
results  could  have  been  eliminated. 

The  subject  is  extremely  complicated,  many  apparently  insignificant 
elements  entering  in  to  detract  from  the  strict,  scientific  accuracy  of 
the  resiilts.  The  more  especially  is  this  true,  as  in  the  present  case, 
where  an  attempt  has  been  made  to  keeja  the  results  on  practical  lines 
purely,  using  only  such  methods  as  could  be  applied  in  practice  on 
work,  without  adding  unduly  to  the  cost  of  concrete.  However,  tak- 
ing this  latter  condition  into  account,  the  author  reiterates  the  view 
expressed  in  the  paper,  that  the  results  are  very  good. 

Occasion  is  taken  at  this  place  to  esj^ecially  call  to  the  attention  of 
those  particiijatiug  in  the  discussion,  that  the  results  of  these  tests 
are  given  in  great  detail  in  the  annual  report  of  the  State  Engineer 
and  Surveyor  of  New  York  for  1897.*  The  results  of  a  previous  set  of 
tests  made  in  1893  are  given  in  the  annual  rei^ort  of  the  State  Engineer 
for  1894.  Reference  to  all  these  reports  should  be  made  by  anyone 
wishing  full  data. 

As  regards  mixing  concrete,  either  by  hand  or  machinery,  the 
author's  experience  is  that  with  proper  supervision,  good  concrete  can 
be  obtained  by  either  method.  As  remarked  by  Mr.  Tillson,  the  difli- 
culty  in  hand  mixing  is  to  insure  thorough  work.  On  this  point  the 
author  has  found  that  by  drilling  a  gang  of  laborers  to  work  strictly 
according  to  formula,  performing  each  operation  in  the  same  way, 
every  time,  there  is  little  difficulty  about  securing  fairly  uniform 
results  by  hand  mixing.     Nevertheless,  the  author's  opinion  is  that 

*  See  also  "  Report  on  Tests  of  Metals  and  other  Materials,"  Watertown  Arsenal,  for 
1898,  where  may  be  found,  also,  results  of  other  concrete  tests. 
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pi-oper  machine  mixing  is  preferable,  as  leading  to  a  uniformity  of 
IJrodnet  which,  while  possible  to  attain  by  hand  mixing,  is  still  some- 
what difficult.  In  a  general  way,  the  author  agrees,  therefore,  with 
tbe  statement  of  Mr.  Gould,  that  no  band-made  concrete,  using  the 
same  proportions,  can  equal  a  machine-made  product,  because  of  the 
thorough  way  in  which  the  machine  churns  up  the  entire  mass. 

The  tests  show  that  dry  concrete  is  considerably  stronger  than  that 
made  with  excess  of  water.  As  stated  in  the  report  to  the  State  Engi- 
neer and  Surveyor,  the  author's  experience  has  taught  him  that  the 
only  way  in  which  dry  concrete  can  be  safely  used,  especially  in  warm 
weather,  is  to  wet  the  surface  thoroughly  as  soon  as  the  ramming  has 
been  completed,  and  to  keep  the  surface  wet  until  after  the  completion 
of  the  setting.  This  procedure  will  be  likely  to  prevent  the  formation  of 
the  partings  between  successive  beds  referred  to  by  Mr.  Gould.  The 
author,  however,  does  not  intend  to  be  insistent  as  to  the  use  of  dry 
concrete,  but  rather  presents  the  results  of  these  tests  for  comment 
and  professional  criticism.  He  is,  nevertheless,  well  satisfied  that  dry 
concrete,  with  the  mortar  comjirising  40%  of  the  aggregate  material, 
can  be  made  practically  water-tight.  In  recent  work  with  a  concrete 
of  this  composition,  a  dam  has  been  constructed,  which,  with  one  ex- 
ception, shows  absolutely  no  moisture  on' the  face.  The  one  exception 
is  two  pin  holes,  both  within  an  area  of  1  sq.  ft.  Their  presence  can 
only  be  taken  to  indicate  careless  work — for  the  moment,  evidently, 
vigilance  was  relaxed — but  this  single  exception  can  hardly  be  taken 
as  proving  the  inapplicability  of  dry  concrete.  In  any  case,  it  is 
certaiu  that  jjlastic  and  excess  concretes  can  be  used  much  more 
easily  than  dry,  and  the  practical  qiiestion  is,  after  all,  whether  the 
gain  in  strength  is  enough  to  compensate  for  the  increased  chance  of 
jjoor  work. 

As  to  ultimate  strength,  it  seems  certain  that  time  is  a  great 
eliminator  of  the  differences  between  dry,  plastic  and  excess  concretes, 
the  tendency  being,  undoubtedly,  to  show  less  and  less  difference  in 
iiltimate  strength  with  increase  of  age. 

The  concrete  blocks  here  discussed  were  made  between  July  lOtli 
and  September  5th,  1896.  They  were  broken  between  January  29th 
and  May  10th,  1898.  The  ages  of  the  blocks,  therefore,  varied  from 
about  670  to  about  570  days.  The  exact  age  of  each  block  may  be 
obtained  by  reference  to  Table  No.  1  of  the  report  to  the  State  Engi- 
neer and  Surveyor,  in  the  annual  report  for  1897. 

One  important  point  which  the  author  had  in  mind  in  making 
these  tests  was  to  show  that,  for  many  purposes,  the  formulas  in 
common  tise  give  concretes  which  are  unnecessarily  expensive.  Thus, 
for  foundations  which  are  entirely  under  water  there  is  no  object,  so 
far  as  the  author  can  see,  in  spending  the  money  necessary  to  make 
an    absolutely  imj^ervious    concrete.      For    such  work    a    30  or  33)^o 
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concrete  is  apparently  sufficient.     The  same  is  also  true  of  retaining  Mr.  Rafter 
walls,  for  which  concrete  is  now  used  extensively,  and  through  which 
weep  holes  can  be  left,  thus  insuring  that  water  will  not  penetrate 
any  considerable  distance  into  a  S0%  concrete,  and  which  may,  as  the 
author  is  well  aware,  contain  a  slight  percentage  of  voids. 

Where  water-tight  work  is  required,  the  mortar  may  be  made  from 
40  to  45%"  of  the  aggregate.  By  using  different  sized  stone  for  the  ag- 
gregate, there  seems  to  be  no  doubt  that  40  to  42%  of  mortar  will 
make  a  practically  water-tight  material.  The  author  says  practically 
water-tight,  because  the  quality  of  the  mortar  will,  in  some  degree, 
decide  as  to  absolute  water-tightness. 

In  the  original  tests  of  1893,  the  ratio  of  broken  stone  to  mortar  was 
made  mostly  42%,  a  few  blocks  having  been  fabricated  with  the  ratio 
of  30  per  cent.  These  blocks  were  all  broken  under  the  author's  per- 
sonal supervision,  and  none  of  the  4:2%  blocks  exhibited  any  voids 
visible  to  the  eye.  They  were,  in  the  best  sense  of  the  word,  solid 
blocks.  Blocks  of  30  and  S'S%,  however,  exhibit  some  voids,  the 
greatest  difficulty  with  such  concretes  being  to  make  them  absolutely 
fill  out  all  the  voids  next  to  the  forms.  This  is  a  difficulty  which  is, 
however,  very  easily  corrected  by  using  a  somewhat  larger  proportion 
of  mortar  next  to  the  forms,  as  has  frequently  been  done  with  good 
success  on  work. 

In  the  series  of  tests  made  in  1896,  and  which  are  here  specially 
considered,  the  author  is  unable  to  say  as  to  whether  there  were  any 
appreciable  voids  in  the  'S3%  concretes,  but  from  his  experience  with 
the  30%"  concretes  made  in  1893,  he  would  be  disj^osed  to  say  that  the 
voids  wei'e  very  small,  especially  in  the  plastic  and  excess  concretes. 
Under  this  head  it  may  be  pointed  out  that  the  eflect  of  ramming  is  to 
decrease  the  voids.  This  was  strongly  broiight  out  by  a  series  of  tests 
in  which  it  was  found  that  the  Portage  stone,  broken  to  pass  through 
a  2-in.  ring,  when  slightly  shaken  in  the  measure,  gave,  as  a  mean  of 
five  trials,  43.3%  voids.  The  same  stone  jDacked  in  a  measure  with  a 
tamping  iron,  used  about  as  forcibly  as  the  ordinary  ramming  of  con- 
crete, gave,  as  a  mean  of  five  trials,  31.4%  voids.  In  these  tests  the  air 
was  driven  out  of  the  voids  entirely. 

The  author  has  little  doubt  that,  with  the  lubrication  of  the  mortar, 
the  voids  are  reduced,  under  thorough  ramming,  to  not  much  more 
than  about  30  per  cent.  It  is  from  this  point  of  view  that  he  decided  to 
use  33%  of  mortar  in  the  tests  herein  discussed,  that  quantity  of 
mortar  being  enough  to  just  about  insure  filling  the  interspaces  of  the 
stone.     Such  a  concrete  will  not,  however,  be  absolutely  water-tight. 

In  the  same  way  the  excess  of  mortar  in  4U%  concrete  was  considered 
to  be  large  enough  to  insure  practical  water-tightness.  It  is  possible,, 
however,  that  slightly  larger  proportions  than  the  foregoing  should,  in 
some  cases,  be  used.     On  the  other  hand,  by  selecting  aggregate  ma- 
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Mr.  Rafter,  terials  of  different  sizes,  tliiis  reducing  the  proportion  of  voids,  it  is 
believed  that  the  proportions  of  33  and  40%  fairly  meet  the  great 
majority  of  cases. 

Mr.  Conrow  points  out  that  the  average  ratios  of  strength  are,  for 
concretes  with  dry  mortars,  29.1;  plastic,  26.6;  excess,  25.3;  as  based 
on  the  average  of  ten  tests.  From  these  figures  he  deduces  that  dry 
concrete  is  about  15%"  stronger  than  wet.  In  his  experiments  as  to 
relative  cost  of  laying  wet  concrete  veisus  dry  concrete,  he  found  that 
wet  concrete  could  be  fabricated  at  a  cost  for  labor  of  ^1.13  a  yard,  dry 
concrete  costing,  with  other  conditions  the  same,  .'$2.12  a  yard.  This 
is  for  hand  labor.  The  author's  experience  is  that  for  machine-mixed 
concrete,  aside  from  ramming,  the  cost  will  be  no  greater  for  dry  than 
for  wet.  As  an  average,  the  ramming  of  dry  concrete  will  cost  25  cents 
per  yard  more  than  for  wet. 

Mr.  Hazen's  discussion  of  the  conditions  involved  in  the  determina- 
tion of  voids,  and  as  to  the  weight  of  concrete,  illustrates  forcibly  how 
far  we  are  from  appreciating  the  practical  considerations  to  be  taken 
into  account  in  making  concrete,  especially  when  the  subject  is 
approached  from  the  theoretical  point  of  view  purely.  However,  as  to 
determining  the  voids,  the  use  of  the  method  outlined  by  Mr.  Hazen 
seems  to  the  author  to  give  results  too  large.  Independent  of  its  lack 
of  applicability  out  on  work,  the  author  believes  that  the  disj^lacement 
method  of  determining  voids  is,  for  clean  material,  much  the  better.  A 
knowledge  as  to  the  interstices  in  the  aggregate  material  or  ballast  is 
wanted,  and  not,  in  any  degree,  the  porosity  of  the  material.  The 
author  does  not  wish  to  be  understood,  however,  as  saying  that  informa- 
tion as  to  the  porosity  of  aggregate  material  may  not  be  of  importance, 
the  more  especially  since  such  information  is  very  necessary  in  order  to 
decide  between  different  samples.  His  j^oint  is,  that,  as  regards  con- 
crete mixtures,  what  is  wanted  is  the  vohime  of  the  intersijaces  between 
the  stones,  independent  of  the  jjorosity.  Limestones,  sandstones  and 
other  aggregates  are  often  quite  porous,  and  the  method  by  sj^eciflc 
gravities  apparently  takes  into  account  this  porosity.  Limestones 
sometimes  absorb  5%  of  their  weight  of  water,  and  sandstones  as  much 
as  7%,  while  broken  brick  may  absorb  20  per  cent.  As  fair  averages, 
we  may  lake  limestone  at  3%,  sandstone  4:%,  and  broken  brick  10  per 
cent.  The  most  practical  way  to  proceed  is  to  first  thoroughly  wet  the 
broken  stone  and  allow  it  to  drain  before  placing  it  in  the  measure. 
Water  should  then  be  poured  in  slowly  and  at  one  corner  of  the 
measure,  thereby  insuring  the  driving  out  of  the  air.  For  sand,  absorp- 
tion into  the  pores  is  so  small  that  it  may  be  neglected,  but  it  is  im- 
portant to  pour  in  the  water  slowly  and  at  one  corner  of  the  measuring 
box.  This  procedui'e  applies  to  clean  sand.  For  sand  contain- 
ing much  vegetable  mould  or  other  foreign  matter,  Mr.  Hazen's 
remarks   as   to  the  uncertainty  of  the    displacement    method   apjjly 


DISCUSSION"   ON    THE   THEORY   OF    CONCRETE.  151 

forcibly.  As  regards  the  penetration  of  water  into  the  pores  of  the  Mr.  Rafter. 
aggregate  material,  it  may  be  remembered  that  the  smearing  of  the 
broken  stone  with  mortar  tends  to  seal  up  the  pores  in  properly-made 
concrete,  thus  preventing  the  ingress  of  any  considerable  amount  of 
water.  In  any  case,  taking  into  account  the  porosity  of  the  aggregate 
material  is  a  misleading  refinement. 

There  is  no  reason  why,  with  care,  any  ordinarily  intelligent  fore- 
man cannot,  by  the  foregoing  simple  method,  determine  quickly  the 
voids  in  aggregate  material  and  clean  sand,  as  often  as  required,  and 
well  within  any  limit  of  accuracy  needed  for  proportioning  concrete. 

Reference  has  already  been  made  to  the  original  series  of  tests  of 
1893,  and  which  are  reported  upon  in  the  annual  report  of  the  State 
Engineer  and  Surveyor  for  1894.  The  weights  of  the  4:2%  blocks  fabri- 
cated at  that  time  ranged  from  about  145  lbs.  per  cubic  foot  to  about 
150  lbs. ,  the  variation  in  weight  being  in  some  j)roportion  to  the  strength 
of  the  mortar,  blocks  with  1  to  1  mortar  being  heavier  than  those 
with  1  to  2  or  1  to  3.  In  some  cases,  cubes  of  1  ft.,  with  1  to  1  mortar, 
42%,  weighed  from  150  to  160  lbs.  The  tests  of  the  series  of  1893  are, 
however,  unsatisfactory  in  this,  that  theexact  dimensions  of  the  blocks 
were  not  taken,  and  there  is  probably  some  uncertainty  in  the  figures 
on  this  account. 

In  the  tests  of  the  series  of  1896,  and  which  are  here  specially  con- 
sidered, no  such  uncertainty  exists;  the  exact  dimensions  of  each  block 
were  taken  carefully,  and  the  weights  per  cubic  foot  computed  therefrom. 
In  Table  No.  15  we  have  the  mean  weights  of  all  the  concrete  blocks  in 
pounds.  The  Portage  sandstone  used  as  ballast  weighs  155  lbs.  per 
cubic  foot,  and  has,  when  crushed  in  12-in-.  cubes,  a  crushing  strength 
of  6  000  to  7  000  lbs.  per  square  inch.  A  few  determinations  of  weight 
of  mortar  used  show  the  following  mean  weights  per  cubic  foot: 

Weight  per 
cubic  foot. 

Empire     cement—  1  to  2  dry 126. 4  lbs. 

1  "  3     "   120.9  " 

1  "  4     "   119.1  " 

1  "  2  plastic 124.7  " 

1  "  3       "       121.0  " 

1  "  4       "       119.2  " 

Iron  Clad       "  1  "  2  dry 128.5  " 

1  "  3     "   124.8  " 

1  "  4     "   120.9  " 

Champion     "  1  "  1     "   126.2  " 

1  "  2     "   123.8  " 

1  "  3     "   119.2  " 

The  foregoing  weights  of  mortar  blocks,  as  well  as  concretes,  in- 
eluded  in  Table  No.  15,  are  all  as  taken  at  the  time  of  breaking,  and 
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Mr.  Rafter,  when,  presumably,  the  excess  water  had  evaporated.  This  conclusion 
is  reached  by  considering  that  the  blocks  stood  in  a  dry,  warm  i^lace 
for  some  time  before  breaking. 

Referring  to  Table  No.  15,  it  appears  that  there  was  very  little  dif- 
ference between  the  weights  of  33  and  40%  blocks.  With  the  Genesee 
cement  1  to  1  mortars,  the  mean  weights  are,  for  33%  blocks,  146.5, 
and  for  40%  blocks,  145.6.  For  Wayland,  1  to  1  mortars,  the  mean 
figures  are  33%,  146.9;  and  40%,  145.8.  For  Genesee  1  to  2,  the  figures 
are,  143.8  and  143.7;  and  for  Wayland  1  to  2,  144.5  and  144.2. 

For  the  Genesee  cement,  the  weight  per  cubic  foot  was  taken  at 
99.5  lbs. ;  for  the  Wayland,  100  lbs. ;  for  the  Iron  Clad,  97  lbs. ;  for  the 
Empire,  99.5  lbs.,  and  for  the  Champion,  87  lbs.  The  reason  that  the 
weights  of  33  and  40%  blocks  are  practically  the  same  is  probably 
because  in  33%"  blocks  the  excess  reduction  of  voids  nnder  ramming 
just  about  compensates  for  the  extra  quantity  of  mortar  in  the  40% 
blocks,  the  relation  between  the  weights  of  mortar  and  broken  stone 
being  such  as  to  give  this  result.  The  persistency  of  the  figures 
through  the  whole  series  shows  that  this  result  is  not  accidental,  but 
rather  the  expression  of  a  well-defined  law. 


(In 

poui 

ids.) 

1  tol. 

lto2. 

lto3. 

lto4. 

1  to  5. 

1  to6. 

33% 

40.V 

33.V 

40i^ 

33.V 

40.V 

33,V 

40.V 

33.V 

40,V 

?ssx 

40?^ 

Plastic... 
Excess... 
Mean 

Dry 

Plastic.  . . 
Excess... 
Mean 

Dry 

146.6 
146.2 
146.6 
146.5 

147.0 
147.8 
14.5.9 
146.9 

143.4 
143.4 
144.4 
143.7 

144.4 
143.5 
144.6 
144.2 

144  2 

142.7 
143.2 
142.9 
142.9 

140.0 
144.1 
140.7 
141.6 

141..^ 

142.9 
142.4 
141.9 
142.4 

142.1 
141.0 
141.6 
141.6 

141.6 
141.1 

141. H 

141.5 

140.1^ 
141.1 
141.7 
141.2 

139  4 

141.3 
142.1 
143.1 
142.2 

142.6 
141.2 
141.3 
141.7 

141.7 
140.4 
141.9 
141.3 

139.8 
141.4 
141.1 
140.8 

141.6!  140.5 

139.5 

p 

■i45;6 
145.6 

146.4 
146.4 
144.7 
145.8 

... 
143.2 
144.5 
143.8 

144.5 
145.1 
144.0 
144.5 

143.7 
143.0 
143.3 
143.3 

142  6 

141  2 

141.2 

140.0 
141.6 
143.2 
141.3 

140.6 
140.6 
140.2 
140.5 

139.7 
140.4 
139.4 
139.8 

140.8 

141.7 
140.8 
139.8 
140.8 

139.7 
139.0 
140.4 
139.7 

139.5 

>,-: 

^§ 

c-d 

Plastic 

148.(1.   141.0 
144.2    140.9 

o  ce 

"d 

<c 

Dry 

144  a 

140.5 
141.5 
141.7 
141.2 

138.9 
140.6 
139.4 
139.6 

•1 

142.9    144.0 

1 

143.4 

142.7 
142.3 
140.5 
141.8 

144.0 

140.3 
141.3 
142.7 
141.4 

Dry 

Plastic.  . . 
Excess... 
Mean 

'  142.5 
142.4 
141.5 
142.1 

143.1 
142.8 
142.2 
142.7 

£  c 

138.3 

S.2 

138  9 

While  many  of  the  points  brought  out  by  the  discussion  are  of 
great  practical  interest,  the  author  wishes  to  say  that  many  more 
interesting  points  could  have  been  touched  upon;  as,  for  instance,  the 
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change  of  voltime  of  mortar  material  when  water  is  added,  the  effect  Mr. 
of  ramming  on  consolidation  of  mortar  itself,  the  consolidation  or 
reduction  of  void  s2>ace  in  the  aggregate  material  under  ramming,  the 
probable  greater  reduction  of  such  space  with  rich  mortars  which  act 
more  thoroughly  as  lubricants,  and  many  others  which  could  be  men- 
tioned. The  paper  itself  was  purposely  left  a  bare  recital  of  main 
facts  in  regard  to  the  tests,  of  which  the  detail  is  given  in  the  report 
to  the  State  Engineer  and  Surveyor,  the  author's  hope  being  that  all 
the  various  points  of  view  would  be  taken  up  in  the  discussion.  That 
many  of  them  are  left  untouched,  seems  to  show,  on  the  whole,  a  lack 
of  appreciation  of  the  theory  of  concrete;  at  the  same  time  the  author 
agrees  thoroughly  with  Mr.  Hall  that  there  is  no  reason  why  the  old 
nomenclature  should  obscure,  from  those  who  are  looking  for  it,  the 
true  theory  of  concrete  mixtures.  Nevertheless,  the  fact  remains 
that  apparently  either  that  or  some  other  cause  has  so  far  obscured 
the  true  theory  of  concrete  mixtures  that  American  engineering 
literature  is,  in  the  last  year  of  the  nineteenth  century,  practically 
barren  of  rational  information  as  to  the  theory  of  concrete. 

Professor  Baker's  view,  that  40j^  concretes  should  show  an  excess 
of  strength  over  33%  concretes  in  the  same  proportion  to  the  excess  per- 
centage of  mortar,  is  not  supported  by  the  results  of  these  tests.  The 
reason  probably  is  that  in  33%  concretes  the  strength  is  largely 
dej^endent  upon  the  close  bearing  of  the  broken  stone,  while  in  the 
40%  concretes  it  is,  in  a  somewhat  larger  degree,  def)endent  upon 
the  strength  of  the  mortar.  Professor  Baker,  however,  is  right  in  his 
conclusion  that,  as  regards  final  results,  the  method  of  storage  is  not 
very  important  for  conci-ete  which  has,  as  in  the  present  case,  attained 
an  age  of  at  least  a  year  and  a  half.  Had  the  blocks  been  broken  at 
an  earlier  period,  they  would  probably  have  shown  greater  differences 
than  those  indicated  by  Table  No.  7. 

As  to  the  variation  in  the  strength  of  the  concrete,  under  the  same 
conditions  for  the  different  cements,  the  author  has  no  explanation  to 
offer,  other  than  that  it  is  possibly  due  to  varying  qualities  in  the 
cements  themselves  which  have  not  thus  far  been  closely  differenti- 
ated by  the  methods  of  tests  actually  in  use. 

Mr.  Le  Conte  has  indicated  the  true  phase  of  concrete  practice  at 
the  present  time  by  his  remark  that  "  it  is  a  humiliating  spectacle  to 
see  first-class  material,  manipulated  in  an  irrational  and  wasteful 
manner,  developing  results  which  cannot  be  shown  to  possess  a  single 
redeeming  feature."  Especially  is  this  true  as  regards  the  cleanness 
of  the  aggregate  material.  The  broken  stone  should,  in  every  case, 
be  washed  clean,  and  indeed  cleanness  should  be  made  an  indispen- 
sable condition  at  every  stage  of  the  operation.  That  such  conditions 
are  not  generally  insisted  upon,  merely  illustrates  how  far  many  of  us 
are  from  understanding  the  true  theory  of  concrete.     These  remarks 
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Mr.  Rafter,  apply  to  a  coDsiderable  proportion  of  the  concrete  used  at  the  present 
time  in  the  United  States. 

The  tests  recorded  by  Mr.  Von  Schon  are  very  interesting,  especi- 
ally as  to  the  general  programme  which  he  outlines.  His  first  con- 
dition, to  operate  practically,  avoiding  the  introdiiction  of  refinements 
which  cannot  be  followed  in  actual  construction,  is  thoroughly  in  line 
with  the  author's  views,  as  is  also  the  second.  The  author  cannot  but 
think,  however,  that  Mr.  Von  Schon's  tests  would  have  been  more  satis- 
factory had  they  been  on  the  line  of  crushing  rather  than  breaking  bars 
by  applying  a  load  at  the  center,  though  it  is  recognized  that  this  is, 
after  all,  merely  a  diflference  of  opinion;  the  author's  contention  being, 
however,  that  had  Mr.  Von  Schon  broken  a  number  of  cubes,  the  results 
would  have  been  comparable  with  most  of  the  results  thus  far  obtained, 
whereas,  as  the  matter  stands,  it  is  impossible  to  compare  them. 

By  way  of  showing  the  variations  in  the  quantity  of  green  mortar 
produced  from  the  same  quantity  of  cement  and  sand,  but  with  such 
variation  in  the  quantity  of  water  as  is  necessary  to  produce  dry,  plas- 
tic or  excess  mortars,  the  folloAving  figures  are  cited: 

For  1  to  3  mortars,  f  cu.  ft.  of  cement  and  2  cu.  ft.  of  sand  pro- 
duced quantities  of  mortar  in  cubic  feet,  as  follows: 

Genesee.  Wayland.  Iron  Clad.  Empire.  Champion.  Means. 

Dry 2.05  2.12  2.19  2.16          2.13  2.13 

Plastic...     2.21  2.16  2.23  2.25          2.18  2.21 

Excess...     2.25  2.16  2.28  2.29          2.15  2.23 

For  1  to  2  mortars,  1  cu.  ft.  of  cement  and  2  cu.  ft.  of  sand,  pro- 
duced quantities  of  mortar  in  cubic  feet,  as  follows : 

Genesee.  Wayland.  Iron  Clad.  Empire.  Champion.  Means. 

Dry 2.51  2  37  2.57           2.50           2.22  2.43 

Plastic...     2.58  2.49  2.62           2.58           2.43  2.54 

Excess...     2.75*  2.58*  2.62*        2.61          2.48  2.61 

Inasmuch  as  the  cement  was  weighed,  thus  insuring  the  same 
quantity  in  each  series,  the  irregularities  in  these  results  are  charge- 
able to  variations  in  sand  and  quantity  of  water. 

The  author  wishes  to  thank  those  who  have  taken  part  in  the  dis- 
cussion for  the  many  valuable  suggestions  made.  In  view  of  the  large 
number  of  works,  now  either  in  progress  or  contemplated,  in  which 
concrete  is  either  in  use  or  to  be  used,  the  author  hopes  that  the  gen- 
eral question  of  the  rational  relation  between  the  voids  in  the  aggre- 
gate material  and  the  amount  of  mortar,  especially  in  relation  to  unit 
costs,  and  other  important  questions,  may  be  so  thoroughly  taken  up  as 
to  lead  to  final,  definite  conclusions.  The  present  paper  was  intended 
to  be  largely  suggestive. 

■•■  One  determination  only. 
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FRICTION   COEFFICIENT   FOR   RIVETED   STEEL 
PIPE. 

An  Informal  Discussion  at  the  Anmial  Convention,  June  28tli,  1899. 


Subject  for  Discussion. 

What   is   the  Proper   Friction  Coefficient   for  use  in  the  design  of 
Riveted  Steel  Pipe  ?  " 


Bv  A.   McL.  Hawks,  Jun.Am.  Soc.  C.  E. 


A.  McL.  Hawks,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  writer  has  Mr.  Hawkes. 
tested  the  flow  in  a  14-in.  riveted  steel  pipe  after  it  had  been  in 
service  over  three  years,  and  again  nearly  three  years  later.  As  these 
measurements  were  carefully  checked  by  volumetric  determinations 
after  weir  flows  were  measured  ;  as  they  check  very  closely  with  one 
another,  and  as  they  were  made  upon  the  main  inflow  of  a  system  in 
the  ordinary  everyday  uses  to  which  such  a  main  is  applied,  they 
will  be  a  guide  to  designing  similar  pipes  for  such  purposes. 

This  main  is  made  of  soft  steel,  is  14  ins.  clear  diameter  of  the 
smaller  ring,  and  has  double-riveted  longitudinal  seams  and  single- 
riveted  circumferential  seams.  The  double  riveting  is  spaced  4f  in. 
between  rows,  |f  in.  to  1  if  ins.  between  heads,  and  staggered.  The 
circumferential  rivets  are  ^|  in.  from  center  to  center  upon  the  exterior 
surface,  or  about  J  in.  from  center  to  center  on  the  interior  surface, 
varying  slightly  with  the  thickness  of  the  steel,  the  gauge  of  which 
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Mr.  Hawks,  runs  from  No.  9  to  No.  12.  All  rivet  heads  are  circular  or  "snap 
heads,"  and  as  the  diameter  of  the  rivets  is  if  to  fiin.,  the  heads 
form  almost  a  complete  ring  upon  the  interior  of  the  pipe,  and  practic- 
ally reduce  the  clear  opening  about  |  in.  An  attempt  was  made  to 
compensate  for  this  by  making  the  interior  rings  a  slight  fraction  of  an 
inch  greater  than  the  size  originally  planned.  As  the  outer  rings  were 
kept  uniform,  this  increased  size  amounts  to  aboiit  |  in.  in  the  lighter 
and  i-ii"  in.  in  the  heavier  steel. 

Seven  rings  of  steel  plate  (four  of  the  greater  and  three  of  the  lesser 
diameter)  formed  a  24-ft.  length  of  pipe  as  made  up  in  the  shop.  One 
end  was  reinforced  with  a  5-in.  welded  steel  ring  of  14  ins.  clear 
diameter,  the  end  len.gths  of  the  pipe  being  of  the  greater  diameter  and 
the  end  longitudinal  rivets  being  practically  countersunk  to  admit  this 
reinforcer.  In  making  up  the  pij^e  lengths  the  longitudinal  seams 
were  "  in  line  "  in  alternate  rings  and  "  quartering  ''  in  adjacent  rings. 

All  lengths  were  thoroughly  cleaned  and  dipped  in  a  hot  asphaltiim 
bath,  being  left  a  sufficient  length  of  time  for  the  metal  to  attain  the 
temperature  of  the  bath.  All  lengths  were  inspected  and  tested 
IDrevious  to  leaving  the  shop.  That  this  work  was  thoroughly  well 
done  is  shown  by  the  fact  that  some  extra  lengths  and  extra  rings  were 
left  exposed  to  the  weather  along  the  line  of  the  work,  and  the  coating 
of  these  was  in  fairly  good  condition  after  more  than  six  years. 

In  laying  the  pipe  in  the  trench  the  longitudinal  seams  were  placed 
so  as  to  form  an  angle  of  4.5^  with  the  vertical  plane;  the  reinforcer, 
which  projected  half  its  width  from  the  end  of  the  pipe,  was  forced 
into  the  next  length  until  the  exterior  rings  were  in  contact.  An 
exterior  welded  ring  |  in.  thick  and  5  ins.  wide  was  drawn  over  the 
joint  and  an  ordinary  lead  joint  was  poured  and  caulked. 

As  will  be  seen  from  the  above,  the  obstructions  to  flow  are:  1st, 
the  circle  of  rivet  heads  of  the  transverse  joints,  about  3^  ft.  apart; 
2d,  the  lap  of  the  rings ;  3d,  the  reinforcing  rings,  24  ft.  apart;  and 
4th,  the  double  line  of  rivet  heads  making  the  longitudinal  seams. 

The  total  length  of  this  pipe  line  is  70  700  ft. ,  leading  from  an  iron 
screen  chamber,  near  the  inlet,  to  the  distributing  reservoir.  The 
jjrofile  of  the  pipe  line  is  fairly  smooth,  there  being  four  principal 
summits  (two  approaching  the  hydraulic  grade  line)  and  five  principal 
depressions  (two  approaching  zero  of  the  datiim  plane);  the  remainder 
is  chiefly  along  benches  with  easy  grades.  Automatic  air  valves  are 
provided  for  all  summits  and  blow-off  gates  for  all  depressions.  The 
alignment  is  very  easy,  no  quick  bends  occurring  in  the  whole  length. 
In  two  places  Avhere  90°  curves  are  required  they  are  made  with  six 
15°  cast-iron  pipes.  Therefore,  no  allowance  for  friction  in  bends  is 
necessary  in  the  calculations. 

This  work  was  completed  in  the  fall  of  1892.  In  April,  1896,  the 
writer  tested  it,  and  the  following  are  his  notes: 


DISCUSSION"    ON"    COEFFICIENT    FOR   STEEL    PIPE. 


157 


April  2d. — Visited  intake  and  headworks.     At  1.30  p.  m.  measured  Mr.  Hawks 
depth  of  water  in  screen  chamber,  which  was  7.98  ft.,  making  eleva- 
tion of  surface  of  water  429.15  above  datum. 

April  3d.  Weir  test. — The  weir  was  a  square  notch,  15  ins.  wide, 
cut  in  a  sheet  of  No.  8  steel,  set  in  tlie  overflow  chamber  of  the 
reservoir.  All  the  conditions  surrounding  it  were  favorable  to  using 
the  Francis  formula,  with  end  contractions:  Discharge 3. 366  X  (length 
of  overfall— i  h)  x  y /«',  and  this  was  used  in  calculating  the  discharge. 

As  the  total  outflow  was  only  1  cu.  ft.  per  second  and  the  area  of 
the  approach  channel  was  2.8  ft.  x  3.1  ft.,  or  nearly  9  sq.  ft.,  the 
velocity  of  approach  was  disregarded. 

Reading  on  gauge  at    8      p.  m ■!        ins. 

"   10         "   41        " 

"   1U.15    "     4|  +    " 

The  weir  was  then  closed  for  15  minutes  to  allow  the  reservoir  to 
fill  to  a  higher  level.  It  was  reopened  at  10.30  p.  M.,  when  the  read- 
ing on  the  gauge  was  4|  ins.  It  gradually  fell  until  at  the  close  of  the 
test  it  read  4|  +  ins.,  and  remained  stationary  at  that  figure  for  30 
minutes. 

Elevation  of  surface  water  =  396.95  ft.  above  datum. 

April  4th.  Volumetric  Test. — The  suj^ply  to  the  city  was  cut  oflf  at 
7.20  p.  M. 

Gauge  reading  at 


7.30  p. 
7.45  ' 
8 

8.15  ' 
8.30  ' 
8.45  ' 
9 

9.15  ' 
9.30  ' 
9.45  ' 
10 


lift. 

5f  ins. 

6     " 

f-in.  rise 

6f  " 

f       " 

6J-  " 

f       " 

7i  " 

f       '• 

7f  " 

f       " 

8i  " 

f       " 

8t  " 

1       " 

9i  " 

t       " 

9i  " 

f       " 

9i  " 

A       i' 

The  first  and  last  readings  were  taken  most  carefully.  Interme- 
diates were  taken  to  roughly  check  the  results. 

The  total  rise  was  0.35  ft.  in  2 J  hours. 

After  this  test  was  completed  the  water  was  cut  off"  from  the  reser- 
voir, and  it  was  left  to  stand  full  until  morning.  As  the  gauge  read 
precisely  the  same  at  the  end  of  12  hours  it  was  evident  that  no  leakage 
of  moment  had  occurred  during  this  test. 

The  flow  over  the  weir  was  calculated  to  be  0.96  cu.  ft.  per  second. 

Discharge  =  3.366  x  {I  —  \  h)  X  ^^^^3.366  x  (1.25  —  0.08)  x 
'\/(3.9f  =  3.938  X  0.244  =  0.96  cu.  ft.  per  second. 
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Mr.  Hawks.        The  rate  of  inflow  was  0.99  cti.   ft.  per  second.     The  average  area 
of  the  reservoir  surface  at  time  of  filling  =  25  225  sq.  ft. 

Eise  of  0.35  ft.  over  an  area  of  25  225  sq.  ft.  =  8  829  cu.  ft. 
Allowance  for  voids  in  paving 65       " 

Total 8  894  cu.  ft. 

Total  inflow  =  8  894  cu.  ft.  in  2^  hours  (9  000  seconds),  or  at  the 
rate  of  0.99  cu.  ft.  per  second. 

This  rate  of  discharge  agrees  nearly  with  the  calculated  discharge 
by  Kutter's  formiila  if  the  coefficient  of  friction  n  —  0.013  be  used. 

^      429.15-396.95         32.2         ^  nanAKn 

^  = 70T00—  =  70^00  =Q-Q^"^^^- 

F=  CVB  *?=  87-/ 0.292  x  O.00U455  =  87  X  0.0115  =  1.0005  ft. 
per  second. 

Discharge  =  1.069  x  1.0005=  1.07  cu.  ft.  per  second. 

In  February,  1899,  the  writer  was  called  upon  to  measure  again  the 
flow  through  the  same  main,  under  a  slightly  greater  head.  A  weir 
box  22  ins.  wide,  20  ins.  deep  and  9  ft.  3  ins.  long,  was  built  at  the 
inflow  of  the  reservoir,  having  a  90°  triangular  notch  of  No.  20  sheet 
iron  at  the  outflow  end.  Through  this  the  water  flowed  8.9  ins.  deep. 
Using  Thomson's  formula  for  the  discharge  of  triangular  notches: 
The  discharge  =  0.0051  x  -/F  =  0.0051  X  237  =  1.209  cu.  ft.  per 
second. 

A  volumetric  test  was  made  by  allowing  the  water  to  flow  freely  into 
the  reservoir  for  4  hours  5  minutes.  The  average  area  of  the  water 
surface  was  13  149  sq.  ft.,  upon  which  the  rise  was  1.34  ft. 

Eise  of  1.34  ft.  over  an  area  of  13  149  sq.  ft.  =  17  620  cu.  ft. 
Allowance  for  voids  in  paving 80      " 

'   Total 17  700  cu.  ft. 

Total  inflow  17  700  cu.  ft.  in  4  hours  5  minutes  (14  700  seconds),  or 
at  the  rate  of  1.204  cu.  ft.  per  second. 

JSfotes  of  Volumetric  Test. — The  supply  to  city  was  cut  ofi"  at  8.30  p.m. 
Gauge  reading  at    8.45  p.  m.  . .   2  ft. 
"     9  "    ....2  " 

"     9.30     "    ....2     ' 
"  10  "    ....2  " 

"  10.30     "    ....2  " 
"  11  "   ...2  " 

"  11.30     "   ...   3  " 

"  12         M 3  " 

"  12.50a.  M....3  " 
At  which  time  the  reservoir  was  cut  oif  for  12  hours, 
was  observed. 


l-iV  ins. 

2i      "      1.15 

ins.  rise. 

'41       "2 

6i      "     2 

H     "    i| 

lOi      "     2 

H      "     2 

2        -     1| 

5 A-   "     3.2 

for  12  hours. 

No  leakage 

DISCUSSION    ON"    COEFFICIENT   FOR   STEEL    PIPE.  159 

The  first  and  last  readings  were  taken  most  carefully.     Interme-  Mr.  Hawks, 
diates  were  taken  as  rough  checks. 

This  rate  of  discharge  nearly  agrees  with  the  calculated  discharge 
by  Ktitter's  formula  if  the  coefficient  of  friction  u  ^=  0. 013  be  used. 
"  430.3 -389.0  41.3       _ 

^=        TOTOO =^  TOTOO"  =  ^-Q""-^^^- 

F=  C\/'R^=  87/292  X  0.000584  =  87  x  0.0132  =  1.148  ft.  per 
second. 

Discharge  =  1.069  x  1.148  =  1.227  cu.  ft.  per  second. 

From  these  two  tests  the  writer  is  led  to  believe  that,  for  similar 
pipes  under  like  heads,  the  coefficient  of  friction,  m=  0.013,  is  ajjprox- 
imately  correct. 

He  also  wishes  to  draw  attention  to  the  fact  that  there  has  been 
IDractically  no  decrease  in  the  discharge  of  the  main  after  it  has  been  in 
use  more  than  six  years.  From  all  the  data  he  can  gather,  he  is  of  the 
opinion  that,  for  the  first  ten  years  of  its  life,  such  a  main  can  be  de- 
pended upon  to  give  its  full  calculated  discharge. 
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STREAM   CONTAMINATION    AND  SEWAGE 
PURIFICATION. 

An   iBformal  Discussion  at  the  Annual  Convention,  June  28tb,  1899. 


Subjects  for  Discussion: 

(a)  "Should  Stream  Contamination  by  the  Sewage  of  Cities  be  abso- 
lutely prohibited  by  law?  " 

{b)  "  Should  the  Purification  of  the  Sewage  of  Cities  be  Compulsory; 
and  is  this  feasible  for  Large  Cities?" 

(c)  "  Is  Filtration  the  coming  solution  of  the  Piire-Water  Question 
for  Cities?  " 


By  Messrs.  E.  E.  McMath,  W.  C.  Paemley,  Gabdnek  S.  Williams, 
Petee  Milne,  Kenneth  Allen,  James  Owen,  Charles  G.  Dareach, 
E.  W.  Harrison,  P.  A.  Maignen,  L.  L.  Tkibus,  Palmer  C.  Eicketts, 
James  S.  Haring  and  James  H.  Fuertes. 


E.  E.  McMath,  M.  Am.  Soc.  C.  E. — This  question  has  been  sub- 
divided into  three  toj)ics,  the  lirst  being:  "Should  Stream  Contamina- 
tion by  the  Sewage  of  Cities  be  absolutely  prohibited  by  law  ?" 

This  question  may  be  answered  in  the  affirmative  on  the  ground  of 
the  common-law  princijile:  "  Each  must  so  use  his  own  as  not  to  injure 
any  other."  No  individual  can  discharge  filth  or  other  objectionable 
matter  into  a  ditch  or  drain  which  traverses  the  field  of  his  neighbor. 
If  he  attempts  to  do  so  the  court  will  afford  the  injured  party  a 
remedy.     If  a  city,  town  or  village  defiles  a  stream  with  sewage,  the 
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law  is  an  already  existing  remedy,  and  has  been  applied  in  many  cases  Mr.  McMath. 
which  could  be  cited. 

The  presentation  of  this  topic  for  discussion  by  this  Society  does 
not  imply  any  doubt  as  to  this  recognized  law,  but,  perhaps,  is  intended 
to  call  the  attention  of  engineers  to  its  existence  and  to  the  necessity 
for  its  extension  to  questions  which,  in  this  country,  may  arise  between 
the  people  of  adjacent  States,  if  the  defiled  stream  is  a  boundary,  or 
passes  from  the  territory  of  one  State  into  that  of  another.  That  is  to 
say,  is  there  not  a  necessity  for  a  general  law  which  will  embrace  all 
States,  and  will  settle  all  questions  which  arise  between  States  ? 

Several  of  the  States  do  exert  their  powers  to  jsre vent  contamination 
of  streams  by  the  cities  under  their  jurisdiction,  but  there  is,  as  yet, 
no  statutory  provision  to  protect  against  contamination  by  the  sewage 
of  cities  in  other  States.  If,  by  the  indiflferent  or  mistaken  policy  of 
one  State,  its  cities,  great  or  small,  are  allowed  to  defile  the  streams, 
must  the  people  of  other  States  suffer  for  lack  of  adequate  remedy  ? 

The  established  law  referred  to  has  not  been  enforced  in  many  cases 
where  the  transgressor  is  a  city,  but  the  transgression  being  for  a  time 
condoned  does  not  establish  a  right  to  transgress  for  all  time.  As  the 
country  increases  in  population,  the  pollution  of  streams  will  increase 
and  will  quickly  pass  beyond  possible  toleration. 

As  the  speaker  views  the  matter,  a  law  more  imperative  than  any 
statute  should  control  every  engineer  who  has  to  do  with  the  sewerage 
plans  of  cities;  and  he  should  foresee  and  jDrovide  for  the  disposal  of 
sewage  eventually,  if  not  immediately,  in  another  manner  than  by  dis- 
charge in  crude  form  into  streams.  Anything  short  of  this  is  not 
worthy  to  be  called  a  jjlan  for  a  sewerage  system. 

The  City  of  Chicago  has  for  years  been  preparing  a  channel  for  the 
discharge  of  its  sewage  through  its  back  door,  so  that  this  sewage  will 
pass  the  front  doors  of  other  cities,  and  some  of  these  other  cities  are 
not  well  pleased  by  the  i)rospect,  especially  since  the  demonstration 
that  certain  diseases  are  water-working  and  that  the  pathogenic  bac- 
teria are  tenacious  of  life.  The  topic  under  discussion  would  be  an 
important  one  if  Chicago  did  not  exist,  but  the  Chicago  case  gives 
much  emphasis  to  the  topic  at  the  present  time,  for  it  is  a  scheme  to 
do  permanently,  and  on  a  large  scale,  what  everyone  must  admit  should 
not  be  done  at  all — a  scheme  which  is  to-day  without  an  avowed 
designer  and  almost  without  a  defender. 

There  was  a  time  when  many  believed  that  the  water  of  a  river 
purified  itself.  Others  firmly  believed  that  dilution  to  a  point  beyond 
the  reach  of  refined  chemistry  must  render  such  water  innocuous.  The 
Chicago  scheme  had  its  origin  when  these  beliefs  were  held.  This 
scheme,  involving  the  expenditure  of  more  than  .$30  000  000,  has  pro- 
gressed, notwithstanding  the  passing  of  the  faith  upon  which  it  was 
founded,  and  now  the  only  plea  which  is  advanced  for  its  consummation 
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Mr.  McMath.  is  the  fact  that  ^28  000  000  and  more  have  been  expended  on  it  and  it 
is  now  too  late  for  objectors  to  state  their  objections. 

This  brings  up  the  consideration  of  the  second  topic:  "  Should  the 
Purification  of  the  Sewage  of  Cities  be  Compulsory;  and  is  this  feasible 
for  Large  Cities  ?" 

The  answer  to  the  first  part  of  this  proposition  follows  that  given 
for  the  preceding  topic.  If  streams  are  not  to  be  contaminated,  the 
sewage  must  be  purified;  for  water  is  the  only  known  vehicle  which  can 
carry  the  wastes  of  hiiman  life  and  industry  away  from  our  homes  and 
shops.  That  such  can  be  purified,  so  that  the  effluent  may  be  entirely 
unobjectionable,  has  been  demonstrated  beyond  occasion  tor  further 
discussion.  How  to  do  it,  in  each  case  that  may  arise,  is  the  work  of 
engineers,  to  jilan,  execute  and  operate. 

There  is  no  casuistry  in  the  assertion  that  in  this  matter  the  end 
justifies  the  means,  even  when  the  difficulties  surrounding  the  end 
require  large  and  many  means. 

As  to  its  feasibility  for  large  cities  there  are  too  many  old-world 
examples  of  successful  solution  for  American  engineers  to  hesitate  as 
to  the  answer.     It  can  be  done,  and  we  are  the  men  who  can  do  it. 

The  third  topic  comes  in  to  round  out  the  discussion:  "Is  Filtra- 
tion the  coming  sohition  of  the  Pure- Water  Question  for  Cities  ?" 

Asked  in  connection  with  the  preceding  topic,  the  question  may  be 
taken  as  a  suggestion  that  the  sufferer  from  sewage  contamination  of 
water  supply  must  protect  himself,  and  thus  relieve  his  up-stream 
neighbor  of  his  obligation. 

To  meet  this  suggestion  it  is  sufficient  to  mention  the  fact  that  the 
sxifferers  do  not  all  live  in  cities,  and  are  notable  to  protect  themselves. 
There  are  evils  from  such  contamination  not  measiirable  by  the  results 
of  a  bacteriological  examination  for  specific  microbes.  There  is  also  a 
contamination  of  water  by  the  drainage  of  lands  outside  of  cities  which 
sooner  or  later  will  justify  and  even  compel  resort  to  filtration  of  the 
water  supply  of  cities. 

The  doctors  may  say  that  they  can  cure  a  large  percentage  of  cases 
of  diphtheria,  for  instance,  but  the  wise  mother  does  not  expose  her 
children  to  infection  on  the  chance  that  all  cases  in  her  family  will  be 
cured. 

Therefore,  filtration  may  promise  a  remedy  for  defiled  waters,  but 
that  does  not  imply  that  the  filtered  water  would  not  be  better  and 
safer  had  it  not  been  contaminated. 
Mr.  Parmley.  W.  C.  Pabmley,  M.  Am.  Soc.  C.  E. — The  question  of  stream  pollu- 
tion is  one  that  concerns  almost  every  city.  If  no  polhition  of  the 
water  courses  is  to  be  permitted,  then  all  the  sewage  must  be  purified, 
and  the  question  resolves  itself  into  one  of  expense.  Small  towns,  or 
those  of  larger  size,  which  are  favorably  situated,  may  adopt  some 
method  of  ultimate  treatment  at  comparatively  small  cost,  but  in  the 
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case  of  many,  if  not  indeed  most,   of  the  larger  cities,  tlie  expense  Mr.  Parmley. 
involved   by  such   treatment  would  be  a   very  great  burden,  if  not 
altogether  out  of  the  question.     Insistence  upon   absolute   freedom 
from  pollution  would  make  the  interception  of  sewage  and  the  overflow 
of  storm  water  an  impossibility. 

The  whole  matter  is  one  in  which  the  ideal  is  set  over  and  against 
the  practicable — the  desirable  but  extremely  difficult  to  attain,  against 
the  less  desirable  but  practically  jjossible — but  it  is  no  more  important 
that  all  the  water  we  drink  should  be  free  from  impurities  than  that 
the  air  we  breathe  and  the  food  we  eat  should  be  pure  and  wholesome. 
To  insist,  however,  upon  a  high  degree  of  purity  in  a  stream  from 
which  no  drinking  water  is  drawn,  or  at  most  only  stock  water,  is  to 
require  heavy  payment  for  very  small  benefits,  and  many  streams  have 
long  since  ceased  to  furnish  even  the  latter  supply. 

The  only  other  cases  necessary  to  consider  are  those  in  which  the 
odors  arising  from  a  polluted  stream  become  unpleasant  or  harmful, 
or  where  the  sight  of  turbid  or  colored  waters  or  the  refuse  left  by  them 
along  their  banks  is  objectionable  for  aesthetic  or  sentimental  reasons. 
The  sanitary  welfare  of  the  people  within  the  area  affected  is  the  ulti- 
mate and  only  condition  to  be  insisted  upon. 

Even  in  the  earlier  development  of  our  cities  the  natural  drainage 
courses  soon  become  so  polluted  by  local  discharge  that  no  drinking 
supplies  are  likely  to  be  taken  from  them,  and  it  remains  to  be  deter- 
mined whether  the  pollution  which  has  already  occurred  shall  be 
removed  or  not.  As  most  of  this  pollution  is  from  factory  wastes  or 
from  the  washings  of  stables  and  privy  vaults,  it  is  a  source  of  imj)uri- 
ties  nearly  impossible  to  avoid.  While  the  drainage  area  remains 
suburban,  the  cost  of  adequate  sewerage  would  be  too  expensive  to  be 
borne  by  a  sparse  population  or  an  isolated  manufacturing  company, 
and  when  the  density  of  poj^ulation  becomes  sufficient  to  make 
thorough  sewerage  possible,  the  soil  and  water-courses  have  already 
become  so  polluted  that  many  years  would  be  required  to  thoroughly 
drain  them.  Even  then,  as  those  who  have  had  experience  will  testify, 
it  is  impossible  to  jjrevent  entirely  the  clandestine  discharge  of  some 
sewage  into  the  streams.  It  follows,  then,  that  the  smaller  courses 
which  are  not  entirely  taken  into  the  sewerage  system  will  have  a  con- 
siderable degree  of  pollution.  Just  the  percentage  which  may  be 
allowed  is  impossible  to  state,  but  it  is  dependent  on  the  character  of 
the  polluting  matter,  the  climatic  and  many  other  conditions.  It  is  safe 
to  say,  however,  that  no  stream  should  be  permitted  to  become  so  be- 
fouled as  to  give  off  offensive  effluvia  and  gases,  thus  showing  that  it 
contains  a  large  amount  of  putrefying  matter.  Either,  these  streams 
should  be  diverted  into  the  sewers,  or  the  whole  stream  taken  up  in  a 
large  trunk  sewer. 

The  question  of  permitting  storm  water  from  sewers  to  overflow  into 
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Mr.  Parmley.  water-courses  is  important  in  many  cities.  If  such  overflows  are  not 
allowed,  the  cost  of  the  sewers  thus  required,  over  that  where  the 
overflow  system  is  permitted,  becomes  an  item  of  no  mean  proportions. 
The  engineering  department  of  the  City  of  Cleveland  has  at  the  present 
time  a  contention  with  the  Board  of  Park  Commissioners  regarding 
the  overflow  of  storm  water  from  a  sewer  into  a  stream;  and  if  it  is 
finally  settled  that  the  sewer  cannot  be  permitted  to  overflow,  the  cost 
of  the  sewer  will  be  about  $250  000  more  than  if  it  were  constructed 
with  storm-water  overflows.  In  another  instance  the  local  court  has 
issued  a  restraining  order  to  prevent  the  discharge  of  excess  storm- 
water  into  a  stream  which  is  already  highly  polluted.  The  flnal  settle- 
ment of  the  case  is  of  great  importance,  as  upon  this  decision  will 
depend  other  important  projects  in  the  sewerage  of  that  city.  The 
court  apparently  ignored  the  important  facts  brought  out  in  the  trial, 
viz.,  that  this  overflow  would  not  operate  except  in  case  of  excessively 
heavy  storms,  when  the  water  would  be  discharged  for  perhaps  15  or  20 
miniites,  that  these  overflows  would  probably  occur  only  a  few  times 
during  the  season,  that  the  actual  stream  m  time  of  flood  would  be 
nearly  as  impure  as  the  water  overflowed  from  the  sewer,  and  that  even 
if  it  were  not,  the  time  of  maximum  flood  in  the  stream  would  be  after 
the  sewer  had  ceased  to  overflow  and  the  stream  would  continue  to  flow 
with  a  large  volume  for  many  hours  afterward,  thus  washing  away  the 
last  traces  of  any  fancied  pollution. 

If  sewers  are  not  allowed  to  discharge  or  overflow  into  natural  water- 
courses, in  many  instances  the  double  system  of  sewerage  will  become 
an  absolute  necessity.  If  the  sanitary  sewage  be  conveyed  to  a  proper 
outlet  through  separate  sewers  and  all  the  storm-water  is  to  flow  to  the 
natural  drainage  channels,  either  through  storm  sewers  or  directly 
over  the  ground,  the  water  discharged  therefrom  will  usually  be  more 
foul  than  that  which  reaches  them  from  the  storm  overflow  structures 
of  the  combined  sewers.  As  all  engineers  have  jjrobably  noticed,  the 
first  washings  of  the  street  surfaces  are  extremely  foul,  and,  by  the 
system  of  overflows,  this  foul  water  is  carried  to  the  sewer  outlet  while 
a  portion  of  the  cleaner  washings  which  occur  later  in  the  storm, 
mixed  with  the  normal  volume  of  sewage,  will  escape  from  the  over- 
flows into  the  stream. 

If,  however,  the  contaminating  effect  of  street  water  be  neglected 
and  only  the  effect  of  sewage  from  the  sanitary  flow  be  considered,  and 
if  the  entire  volume  of  dry-weather  flow  in  the  sewer  be  defined  as 
sewage,  in  the  first  case  above  cited  it  was  shown  that  the  maximum 
degree  of  pollution,  that  is,  when  the  sewer  is  just  at  the  point  of 
overflowing,  is  1  of  sewage  to  about  7  of  street  water,  and  when  the 
structure  is  discharging  its  maximitm  volume  of  overflow  the  propor- 
tion is  1  of  sewage  to  30  of  street  water.  Now,  consider  the  degree  of 
polhition  of  the  stream  into  which  this  discharge  is  made,  aud  the 
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proportion  of  pollution  is  much  less  in  proportion  to  the  volume  of  Mr.  Parmley. 
water  already  flowing  therein. 

It  is  a  matter  of  the  simplest  observation  to  show  that  in  many  cases 
the  water  escaping  from  overflows  in  time  of  storm  is  not  more  foul 
than  that  in  the  swollen  waters  of  the  flowing  stream.  It  being  thus 
impossible  to  prevent  the  pollution  of  small  courses  flowing  through 
thickly  populated  areas,  it  seems  unwise  to  attempt  to  preserve  in 
them  a  greater  degree  of  jaurity  than  that  required  to  prevent  their 
contaminating  the  surrounding  air,  and  when  they  are  so  short,  or 
their  velocity  of  flow  is  so  rapid,  that  an  outlet  is  reached  at  a  point 
beyond  which  it  is  unnecessary  to  consider  their  impurities,  and 
before  those  impurities  have  had  an  opportunity  to  decompose,  the 
further  expenditure  of  money,  in  order  to  preserve  a  high  degree  of 
purity,  would  be  a  needless  waste. 

The  matter  then  suggests  the  following  conditions,  with  their  appro- 
priate treatment: 

1st. — Streams  or  bodies  of  water  from  which  potable  supplies  are 
drawn  should  be  preserved  in  the  purity  required  by  the  most 
advanced  sanitary  science,  and  if  such  purity  can  be  obtained  in  no 
other  way,  the  supply  should  be  properly  purified  before  being  used. 

2d. — Streams  or  ponds  which  have  sluggish  motion  with  consequent 
tendency  to  stagnation  should  be  kept  as  free  as  jjossible  from  sewage 
pollution  in  order  that  their  emanations  may  be  less  dangerous. 

3d. — Streams  in  which  the  flow  is  so  rapid,  or  in  which  the  courses 
are  so  short,  that  stagnation  and  decomposition  are  impossible  within 
the  limits  of  time  necessary  to  consider,  may  be  used  advantageously 
for  the  overflow  of  excess  storm  water,  or  as  the  direct  outlet  for  a 
limited  number  of  sewers. 

Gakdner  S.  Williams,   Assoc.   M.   Am.   Soc.   C.   E.  —It   would  be  Mr.  Williams, 
interesting  to  determine,  if  jDossible,  where  to  draw  the  line  as  to  the 
limit  of  the  stream  which  is  not  used  as  a  source  of  potable  water. 
Nearly  all  streams  flow  into  others  or  into  lakes,  and  at  some  point 
drinking  water  is  being  taken  from  them. 

An  interesting  case  came  under  the  speaker's  observation,  while  he 
was  connected  with  the  water  supply  of  Detroit,  Mich.,  which  involved 
the  investigation  of  a  serious  typhoid  eijidemic  in  that  city  in  1892. 

Port  Huron  is  situated  at  the  head  of  the  St.  Clair  Eiver  and  at  the 
foot  of  Lake  Huron.  The  distance  by  water  from  Port  Huron  to 
Detroit  is  about  60  miles,  about  18  miles  of  which  is  through  Lake  St. 
Clair,  where  the  current  is  very  slow,  and  which  acts  as  a  monstrous 
settling  basin,  giving  ideal  conditions  for  sedimentation  and  the  conse- 
quent purification  of  the  water.  The  sewage  of  Port  Huron  is 
discharged  into  Black  Kiver,  a  very  sluggish  stream,  which  flows 
through  the  center  of  the  city  and  receives  sewage  from  both  sides. 
The  current  in  Black   River  is  practically  nothing,  except  in  time  of 
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Mr.  "Williams,  freshet.  No  water  for  potable  purposes  is  taken  from  this  stream,  but 
the  Detroit  and  St.  Clair  Kivers  and  Lake  St.  Clair  are  sources  of 
supply. 

In  1890,  Congress  decided  to  improve  the  navigation  of  Black  Eiver^ 
and  work  thereon  began  in  1891.  Dredging  was  commenced  at  the 
bar  at  the  mouth  of  the  river,  and  was  approaching  that  part  of  the 
river  where  the  princijjal  sewers  discharge  when  cold  weather  stopped 
the  work.  On  April  16th,  1892,  work  was  recommenced  at  a  point 
about  300  ft.  below  the  first  bridge,  and  at  that  bridge  two  large 
sewers  discharge  into  the  river.  Below  that  bridge  it  is  reported  that 
a  depth  of  12  ft.  was  dredged  through  an  accumulation  of  sewage 
deposits  which  had  been  gathering  there  for  years.  The  inspector's 
records  of  the  dredging  show  that  there  were  excavations  in  such 
material  8  ft.  in  dej^th.  This  material  was  put  in  dump  scows,  taken 
out  into  the  St.  Clair  Eiver  and  dumped  at  a  jjoint  over  the  Grand 
Trunk  Railroad  tunnel,  or  approximately  60  miles  above  the  intakes 
of  the  Detroit  Water-Works,  which  are  just  below  Lake  St.  Clair,  and 
virtually  at  the  head  of  the  Detroit  River. 

The  record  of  typhoid  fever  in  Detroit  at  that  time  is  interesting. 
There  had  been  some  deaths  from  typhoid  early  in  the  year,  but 
between  May  11th  and  May  28th,  1892,  no  deaths  were  reported.  On 
May  28th  there  was  one  death.  On  June  5th  there  were  four,  and 
during  the  ensuing  25  days  there  were  thirty-seven  deaths  from  typhoid 
fever,  the  population  of  the  city  being  then  about  230  000.  The  death 
rate  from  typhoid  in  that  year  in  Detroit  rose  as  high  as  the  typhoid 
death  rate  of  any  large  American  city,  except  Chicago,  Pittsburg, 
Jersey  City  and  St.  Louis,  in  the  past  ten  years.  There  were  three 
years  in  which  the  death  rate  in  Pittsburg  and  two  in  which  that  of 
Chicago  had  been  higher. 

It  was  somewhat  difficult  to  trace  the  cause  of  this  epidemic,  and 
when  the  speaker  began  his  investigations  he  was  not  aware  of  the 
operations  of  the  Government  in  Black  River  in  1891  and  1892.  He 
therefore  did  not  look  there  for  the  pollution,  but  began  examining 
the  river  and  studying  rainfall,  the  efiect  of  thaws,  the  effect  of  ice  in 
the  river  and  the  character  of  the  water.  None  of  the  ordinary 
methods  of  accounting  for  the  presence  of  typhoid  was  applicable  in 
this  case. 

The  precipitation  during  April  had  been  heavy,  but  it  had  also 
been  heavy  at  many  other  times  when  there  was  no  typhoid.  During 
that  summer  all  the  river  cities  had  typhoid,  and  in  all  cases  the 
disease  appeared  at  about  the  same  time.  At  Port  Huron,  while  there 
had  been  a  tremendous  excess  of  typhoid  late  in  the  fall  of  1892,  there 
were  only  one  or  two  cases  in  the  spring  of  that  year;  this  pointed 
to  a  cause  at  or  below  Port  Huron. 

Finally,    the   speaker's   attention    was    called   to  the   Government 
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dredging  operations  and  to  the  place  where  the  material  was  dumped.  Mr.  Williams. 

The  flow  of  the  Detroit  Kiver  is  given  as  225  000  cu.  ft.  per  second. 

From  all  available  information  as  to  the  velocity  of  the  water,  it  was 

found   that  it  would   reach   Detroit   in   not  less  than  6   and   would 

probably  require  not  more  than  10  days.     From  a  careful  study  of  the 

statistics  of  typhoid  fever,  as  published  by  various  Boards  of  Health, 

the  conclusion  was  reached  that  the  average  period  of  incubation  was 

14  days.     An  examination  of  the  statistics  as  to  this  disease  showed 

that  death,  when  it  ensues,  ordinarily  occurs  between  the  twenty-first 

and  twenty-eighth  days,  which  would  give  25  days  as  an  average. 

From  April  16th,  the  day  on  which  the  first  scow  load  of  polluting 

material  from  the  sewers  of  Port  Huron  was  dumped  into  the  St.  Clair 

Bivej',  until  June  5th,  when  there  were  four  deaths  from  typhoid  in 

Detroit,  is  50  days.     If  10  days  are  allowed  for  the  water  to  flow,  14 

days  for  the  disease  to  incubate  and  25  days  to  kill,  the  total  is  49 

days. 

The  investigation  was  carried  on  throughoiit  the  summer,  and  the 
curves  of  secondary  and  tertiary  infection  were  studied,  and  finally, 
about  seven  weeks  after  cold  weather  set  in  and  dredging  operations 
were  suspended,  the  tyjjhoid  ceased.  Next  year  the  typhoid  apiseared 
again  after  the  dredging  had  commenced,  and  when  it  stopped  the 
disease  disappeared.  These  conditions  have  followed  one  another 
since  that  time,  and  investigations  have  shown  that  they  prevailed  in 
previous  years.  Going  as  far  back  as  1886,  it  was  found  that  typhoid 
appeared  during  those  years  when  dredging  operations  disturbed  the 
channel  of  the  St.  Clair  River  or  Lake  St.  Clair  above  the  intake  of  the 
Detroit  Water-Works,  even  as  far  away  as  Lake  Huron;  and  the 
relationship  could  be  traced  accurately.  In  one  or  two  years,  when 
there  has  been  no  disturbance  of  this  channel,  Detroit  has  had  a  very 
low  typhoid  death  rate. 

Another  interesting  case  occurred  in  1897,  which  was  a  year  of  very 
low  typhoid  in  Detroit,  the  rate  being  only  1.1  per  10  000  living. 
During  that  year  there  was  only  one  group  of  cases  which  could  be 
considered  as  epidemic,  and  that  came  in  August.  In  two  weeks  there 
were  seven  or  eight  deaths.  In  looking  for  the  cause  it  was  found 
that  the  Government  was  dredging  in  the  Clinton  River.  The  work 
had  been  commenced  some  time  before,  and  the  dredge  had  been 
working  gradually  up  the  river,  the  material  being  dumped  in  Lake 
St.  Clair,  in  what  was  supposed  to  be  stagnant  water,  at  a  point  about 
16  miles  from  the  water-works  intake.  At  a  certain  date  the  dredge 
arrived  at  a  bar  in  the  river  just  below  Mount  Clemens,  a  town  which, 
though  not  having  a  complete  sewerage  system,  has  a  few  sewers 
discharging  into  the  Clinton  River.  A  computation,  similar  to  that 
previously  described,  showed  that  the  group  of  cases  in  August  was 
due  to  infection  stirred  up  by  these  dredging  operations. 
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Mr.  Williams.  These  instances  are  given  for  the  benefit  of  those  who  speak  of 
streams  which  are  not  used  as  sources  of  water  supply.  There  is  no 
stream  which  is  not  a  source  of  water  supply  for  some  person  or 
community,  and  there  is  no  danger  of  going  too  far  in  the  restriction 
of  the  pollution  of  our  streams. 
Mr.  Millie.  Peteb  Milne,  Assoc.  Am.  Soc.  C.  E.  — The  American  Water-Works 
Association  has  had  the  subject  of  stream  pollution  under  considera- 
tion for  the  past  eight  years.  Judging  from  corresi^ondence  with 
State  Boards  of  Health  and  eminent  medical  authority,  the  speaker  is 
led  to  believe  that  interstate  legislation  will  not  accomplish  the  object 
sought ;  and  that  it  will  be  necessary  to  appeal  to  the  Congress  of  the 
United  States  to  seek  the  enactment  of  national  laws  to  prohibit  the 
pollution  of  water  suppKes.  Such  law  may  of  necessity  guard  riparian 
rights  and  also  protect  the  health  of  the  people  using  the  water  of 
streams  liable  to  be  contaminated  by  sewage  of  every  character. 

A  special  standing  committee  of  the  American  Water-Works  Asso- 
ciation has  nearly  ready  for  publication  a  voluminous  report  upon  this 
subject. 

An  expression  of  opinion  upon  this  important  question  by  this 
Society  will  carry  weight  and  influence  and  be  accorded  the  considera- 
tion du.e. 

An  example  of  the  manner  in  which  a  community  may  recede 
from  its  position  taken  regarding  sanitation  of  water  suj^ijly,  is 
aflbrded  by  the  experience  of  the  City  of  Brooklyn,  N.  Y.  More  than 
four  years  ago,  two  streams,  which  formed  a  part  of  the  daily  supply, 
were  condemned  by  the  Board  of  Health  of  the  City  as  unfit  for  use, 
on  account  of  pollution  due  to  the  sewage  of  the  population  dwelling 
upon  the  water  sheds,  which  jjollution  had  increased  yearly  in  propor- 
tion to  the  increase  of  jjopulation.  These  stream  supplies  were  aban- 
doned. In  the  i:)resent  emergency  and  extremity  of  the  city,  viz. ,  a  long 
drought,  it  is  suggested  to  again  use  the  water  of  these  streams,  pro- 
vided it  is  filtered. 

The  question  of  filtration  being  one  of  degree,  it  is  ajjparent  that  its 
range  of  eS"ectiveness  in  application  is  contingent  upon  the  measure 
of  pollution  to  be  met  and  treated.  If  pollution  is  permitted  to  in- 
crease in  intensity  as  well  as  quantity,  it  is  reasonable  to  assume  that 
the  cost  of  filtration  would  be  prohibitory  and  compel  the  considera- 
tion of  new  sources  of  water  supply  remote  from  the  influence  of  pollu- 
tion. 

If  the  Federal  Government  enacts  laws  which  in  effect  restrict  pollu- 
tion and  contamination  of  the  waters  which  are  used  by  the  people,  it 
must  invoke  the  skill  of  the  engineer  to  aid  it,  on  the  one  hand,  and 
wise  legislation,  on  the  other  hand,  in  order  that  equitable  relations 
may  be  established  and  that  the  rights  of  all  interests  may  be  safe- 
guarded in  the  eff'ort  to  prevent  the  defilement  of  water  sui^pUes. 
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Kenneth  Allen,  M.  Am.  Soc.  C  E.  — In  studying  questions  relat-  Mr.  Alien, 
ing  to  stream  pollution  it  is  natural  to  turn  to  England,  where,  in 
official  reports  on  the  subject,  there  is  a  storehouse  of  information 
which  is  not  to  be  found  elsewhere;  although  of  recent  years  the 
investigations  undertaken  by  several  States — notably  Massachusetts — 
and  by  several  cities,  have  made  available  much  information  of  the 
greatest  value.  Increasing  density  of  population,  the  concentration 
of  large  industries,  and  a  general  awakening  of  the  masses  to  the 
importance  of  their  sanitary  environment,  all  serve  to  direct  attention 
to  the  matter  of  stream  contamination. 

Up  to  the  present  time,  the  most  important  legislation  on  the 
subject  has  been  the  Rivers  Pollution  Act  of  1876,  resulting  from  a 
report  of  the  Second  Rivers  Pollution  Commission  on  the  Rivers  Mersey 
and  Ribble,  in  which  the  following  requirements,  especially  regarding 
organic  pollution,  which  had  been  recommended  by  Dr.  Frankland, 
were  adopted: 

"We  suggest  that  the  following  liquids  be  deemed  polluting  and 
inadmissible  into  any  stream: 

"  {(i)  Any  liquid  containing  in  suspension  more  than  3  parts  by 
weight  of  dry  mineral  matter,  or  1  part  by  weight  of  dry  organic 
matter,  in  100  000  parts  by  weight  of  the  liquid. 

"(6)  Any  liquid  containing,  in  solution,  more  than  2  parts  by 
weight  of  organic  carbon,  or  0.3  i^art  by  weight  of  organic  nitrogen  in 
100  (JOO  parts  by  weight. 

*  *-x-  *  *  *  * 

"  (/)  Any  liquid  which,  after  acidification  with  sulphuric  acid, 
contains,  in  100  000  parts  by  weight,  more  than  1  part  by  weight  of 
free  chlorine. 

*'  (r/)  Any  liquid  which  contains,  in  100  000  parts  by  weight,  more 
than  1  part  by  weight  of  siilphur,  in  the  condition  either  of  sulphur- 
etted hydrogen,  or  of  a  soluble  sulphuret." 

Although  adequate  provision  for  the  enforcement  of  this  Act 
appears  not  to  have  been  made,  its  requirements  were  probably  as 
fair  and  sound  as  was  possible  with  the  scientific  knowledge  of  that 
time. 

In  the  same  year,  1876,  the  Massachusetts  State  Board  of  Health 
presented,  in  its  annual  report,  a  number  of  recommendations  regard- 
ing the  discharge  of  crude  sewage  into  streams ;  among  them : 

"  That  no  city  or  town  shall  be  allowed  to  discharge  sewage  into 
any  water-course  or  pond  without  first  jjurifying  it  according  to  the 
best  process  at  present  known,  and  which  consists  in  irrigation;  jjro- 
vided  that  this  regulation  do  not  apply  to  the  discharge  from  sewers 
already  built,  unless  water  supplies  be  thereby  polluted;  and  provided 
also  that  such  intended  discharge  can  be  shown  to  be  at  such  point 
or  points  that  no  nuisance  will  arise  from  it." 

But  they  are  careful  to  add,  that: 

"The  Board  feels  that,  in  the  present  state  of  our  knowledge, 
sweeping  laws  for  the  general  and  immediate  purification  of  all  our 
streams  would  be  hardly  justifiable,  and  that  they  are  not  called  for 
by  the  present  condition  of  our  rivers." 
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In  tlie  23  years  which  have  elapsed  since  these  views  were  officially 
expressed,  there  has  been  opened  lap  a  vast  field  of  research  in  sanitary 
matters,  through  the  science  of  bacteriology,  and,  as  our  knowledge 
of  the  life  history  of  these  minute  organisms  is  as  yet  quite  imperfect, 
we  are  not  likely  to  arrive  at  the  ideal  treatment  of  the  matter  for  some 
years  to  come. 

The  standard  of  purity  for  sewage  effluents,  as  established  by  the 
Second  Rivers  Polhition  Commission,  is  faulty  in  the  following  par- 
ticulars : 

In  the  first  place,  the  nuisance  caused  by  a  foul  effluent  depends 
quite  as  miich  upon  the  character  of  the  stream  into  which  it  flows  as 
on  the  effluent  itself.  A  foul  effluent  discharged  into  a  deep,  swift- 
running  stream  of  well-oxygenated  water  may  cause  no  offence,  while 
an  effluent  of  half  the  size  and  twice  the  purity  of  the  first,  meandering 
over  mud  flats  to  a  sluggish  brook  or  mill  pond  may  prove  highly 
objectionable. 

It  is,  therefore,  seen  that,  if  a  standard  of  purity  for  the  effluent  is 
to  be  fixed,  it  should  be  in  some  way  correlated  to  the  character  of  the 
stream  itself,  and  this  under  its  most  unfavorable  conditions,  as  at 
extreme  low  water,  when  covered  with  ice,  or  when,  for  some  other 
reason,  it  is  jjarticularly  foul  or  devoid  of  absorbed  air. 

The  two  following  examples  serve  to  illustrate  the  inconsistency  in 
the  standard  alluded  to. 

At  the  Leeds  Congress  of  the  Sanitary  Institute  of  Great  Britain, 
in  1897,  Professor  A.  Bostock  Hill,  wishing  to  accentuate  the  difficulty 
of  attempting  to  fix  a  standard  for  sewage  effluents,  quoted  a  case: 

"Where  a  tank  effluent,  without  any  preliminary  treatment,  gave 
better  results  than  the  Eivers  Pollution  Commission  standard,  and  yet 
subsequently  so  seriously  polluted  a  stream  that  an  injunction  was 
applied  for  and  obtained." 

On  the  other  hand,  Alderman  J.  F.  Spence  (Chairman,  Tyne  Port 
Sanitary  Authority),  said: 

"Between  Tynemouth  and  Newcastle-on-Tyne,  a  distance  of  ten 
miles  by  the  river,  there  is  as  large  a  number  of  works  discharging 
foul  and  poisonous  effluents  as  probably  on  any  other  stream  in  the 
kingdom.  But  these  are  so  largely  diluted  by  the  enormous  influx  of 
sea  water  twice  in  the  24  hours,  the  diff'erence  in  time  between  high 
water  at  the  bar  and  Newcastle  Q^iay  being  only  17  minutes,  that  the 
late  Dr.  Frank  Buckland,  when  inspector  of  salmon  fisheries,  quoted 
the  Tyne  as  one  of  the  best  salmon  rivers  in  the  kingdom,  the  pollu- 
tions being  so  diluted  that  the  fish  passed  there  iinscathed  to  their 
spawning  grounds  in  the  higher  reaches  of  the  river.  It  may  there- 
fore be  said  the  pollutions  cause  no  nuisance,  as  the  tide  clears  them 
all  away." 

Again,  the  Rivers  Pollution  Commission  standard  fails  to  appre- 
ciate the  potential  capacity  for  further  purification  in  the  effluent 
itself.  This  important  point  has  been  brought  into  prominence  by 
the  difficulty  in  securing  permission,  under  existing  laws,  to  discharge 
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tlie  effluents  from  certain  bacterial  treatment  plants  into  neighboring  Mr.  Allen, 
streams,  although  it  is  generally  admitted  that  no  nuisance  would 
result  thereby.  The  outcome  of  this  is  that  a  Royal  Commission  has 
been  ajjpointed,  and  is  now  giving  this  matter  careful  study,  which 
will  no  doubt  end  in  placing  before  the  world  most  valuable  and  com- 
plete information  on  this  subject. 

The  final  piirification  of  sewage,  which  is  due  to  the  mineralization 
of  its  organic  constituents,  is  effected  by  the  action  of  minute 
organisms,  either  vegetable  or  animal,  but  generally  by  bacteria,  and 
this  is  the  case  with  crude  sewage,  the  effluents  from  chemical  pre- 
cipitation works  or  from  sewage  farms,  as  well  as  from  the  septic 
tank  or  other  of  the  methods  known  more  specifically  as  bacteriolytic. 
To  interrupt  this  action  by  the  use  of  antisej^tics  simply  postpones 
the  inevitable  and  desired  result,  allowing  organic  matter  to  accu- 
mulate.    Such  interruption  is,  therefore,  fundamentally  wrong. 

The  process  of  mineralization  may  be  roughly  considered  as  taking 
place  in  two  stages. 

In  the  first  stage,  the  solids  are  broken  wp  and  thrown  into  solution 
by  liquefying  bacteria,  while  the  rearrangement  of  the  molecules  of 
all  the  organic  matter  renders  it  more  susceptible  to  further  change. 
This  action  is  called  bacteriolysis,  and  it  takes  place  in  a  comj)aratively 
short  space  of  time,  the  characteristic  product  being  carbon-dioxide. 
Although  usually  occurring  under  anaerobic  conditions — when  it  is 
often  accompanied  by  the  evolution  of  sulphuretted  hydrogen,  marsh 
gas  and  other  oflfensive  or  dangerous  compounds,  and  sometimes,  very 
likely,  by  the  formation  of  those  virulent  poisons  known  as  ptomaines 
— it  is  pointed  out  by  Dr.  Samuel  Bideal  as  quite  probable  that  it 
may  result  from  the  action  of  such  aerobic  liquefying  bacteria  as 
B.  Prodigiosus  and  B.  Liquefaciens  under  suitable  conditions. 

In  the  second  stage,  which  is  marked  by  oxidation  of  the  nitrogen, 
and  known  as  nitrification,  the  bacteria  essential  to  the  process  must  be 
supplied  with  oxygen,  and  it  is  characteristically  an  aerobic  process. 

It  is  true  that  in  the  formation  first  of  nitrites  and  then  of  nitrates 
the  oxygen  required  for  the  former  may,  in  the  absence  of  free  oxygen, 
be  wrenched  from  the  nitrates  or  from  other  combinations  of  oxygen, 
leaving  the  final  conversion  into  nitrates  to  be  effected  later. 

Dr.  Walter  E.  Adeney,  of  Dublin,  has  taken  advantage  of  this  action 
in  devising  the  method  of  sewage  and  sludge  purification  known  as 
the  "  Oxygen  System,"  in  which  nitrification  is  effected  by  the  applica- 
tion of  nitrate  of  soda  or  jjermanganate  of  potash,  substances  which 
are  capable  of  furnishing  the  oxygen  required. 

Nitrification  is  a  comparatively  slow  process,  and,  while  accom- 
plished in  an  ideal  manner  by  intermittent  filtration,  yet  by  reason  of 
its  slowness  it  may  often  be  effectively  carried  on  in  streams  by  means 
of  the  oxygen  dissolved  therein.     "When,  however,  this  element  is  not 
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Mr.  Allen,  absorbed  from  the  atmosphere  as  rapidly  as  it  is  taken  up  by  the 
organic  matter  undergoing  purification,  anserobic  conditions  prevail, 
which  we  call  putrefaction,  with  their  attendant  evils. 

It  is  clear,  then,  that  the  ability  of  the  stream  to  oxidize  the  im- 
purities in  an  effluent  is  a  most  important  consideration,  which  has 
been  quite  ignored  in  the  standard  set  by  the  Second  Eivers  Pollution 
Commission. 

The  determination  of  the  organic  nitrogen  and  carbon,  as  proposed 
by  Frankland,  has  been  found  diBBcult  in  practice,  and  has  been  largely 
superseded  by  the  less  precise  biit  more  practicable  determination  of 
(or  test  by)  albuminoid  ammonia,  as  proposed  by  Wanklyn,  or  of  the 
oxygen  consumed,  as  proposed  by  Forschammer,  or  by  both  of  these 
together. 

Messrs.  Pearmain  and  Moor  have  recently  proposed  the  following 
standard,  as  adapted  to  j^resent  needs: 

Parts  per  100  000. 

Total  suspended  matter  (not  to  exceed) 2.0 

Albuminoid  ammonia  "  0.2 

Oxygen  absorbed  '  " 0.714 

Total  hardness  "  28.57 

Nitrogen  as  nitrates  (not  to  be  less  than) 0 .  714 

They  insist  on  the  last  requirement  for  the  reason  that,  besides 
indicating  the  completion  of  the  process,  the  nitrates  also  indicate  a 
store  of  oxygen  which  may  be  drawn  upon  to  oxidize  the  remaining 
impurities,  insuring  thereby  a  guarantee  against  putrefaction. 

Dr.  Rideal,  to  accomplish  the  same  end,  has  suggested,  as  a  safer 
test  than  any  previously  proposed,  "the  ratio  of  the  oxidized  nitrogen 
in  the  form  of  nitrate  and  nitrite  to  the  '  oxygen  consumed  '  figure,"  as 
the  former  represents  the  oxygen  available  and  the  latter  the  oxygen 
requii-ed  to  carry  out  the  process  of  ijurification.  He  states  as  his 
belief  that  when  the  available  oxygen  is  in  excess, — 

"Then  under  no  subsequent  conditions  would  a  reversion  of  the 
sewage  take  place  so  as  to  cause  a  nuisance,  and  such  a  method  of 
valuing  the  suitability  of  an  effluent  was  independent  of  the  size  of 
the  sti-eam  or  the  dissolved  oxygen  it  contained.  When,  and  in  the 
majority  of  cases  this  was  the  case,  the  stream  was  many  times  the 
volume  of  the  sewage  and  contained  dissolved  free  oxygen,  then  this 
free  oxygen  was  utilized  instead  of  the  oxygen  of  the  oxidized  nitrogen. 
Under  these  conditions  it  was  not  necessary  for  the  oxidized  nitrogen 
as  compared  to  the  '  oxygen  consumed  '  figure  to  be  so  large." 

If  the  character  of  a  proposed  effluent,  as  well  as  its  probable 
dilution  in  running  water,  could  be  predicted  with  certainty,  its 
liability  to  cause  offense  could  be  pretty  well  foretold.  A  rough  but 
convenient  limit  was  determined  in  this  way  by  F.  P.  Stearns,  M.  Am. 
Soc.  C.  E.,  when  Chief  Engineer  of  the  Massachusetts  State  Board  of 
Health,  substantially  agreeing  with  a  similar  limit  fixed  by  Rudolph 
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Hering,  M.  Am.  Soc.  C.  E  ,  with  reference  to  Chicago's  sewage  dis-  Mr.  Allen. 
charge,  in  which  he  designates  a  stream  flow  of  not  less  than  2i  cu.  ft. 
per  thousand  population  as  sure  to  cause  offence,  and  a  flow  of  over 
7  cu.  ft.  per  thousand  population  as  not  likely  to  cause  offence. 

Such  a  rule  will,  of  course,  apply  only  when  manufacturing  wastes 
are  negligible  in  quantity  or  character;  but  where  questions  involviug 
the  dilution  of  crude  sewage  are  concerned,  this  method  of  predicating 
offensive  conditions  is  likely  to  prove  as  convenient  and  satisfactory  as 
any,  considering  the  number  of  indeterminate  factors  involved. 

Whether  more  definite  tests,  to  cover  various  conditions,  are  prac- 
ticable remains  to  be  seen,  but  the  more  recent  ones  appear  to  be  steps 
in  the  right  direction.  Possibly  the  future  may  discover  some  simple 
biological  tests  by  noting  the  effect  of  polluted  streams  upon  various 
kinds  of  fish  or  other  organic  life  contained  in  them.  In  fact,  in  the 
elaborate  series  of  experiments  on  sewage  disposal  which  has  been 
carried  on  for  several  years  past  at  Leeds,  one  test  of  certain  effluents 
was  their  capacity  to  sujiport  the  life  of  carp,  the  effect  on  confervoid 
growths  being  also  noted.  It  is  known  that  different  kinds  of  fish, 
such  as  salmon,  bass,  catfish  and  menhaden,  require  waters  of  different 
degrees  of  jiurity,  and  their  survival  would,  to  a  certain  extent,  be  a 
measure  of  the  contamination  of  the  water  in  which  they  were  placed. 

A  great  economic  advantage  in  bacterial  treatment  is  the  elimina- 
tion of  the  vexed  question  of  sludge  disposal.  It  is  true  that  sand 
and  other  grit  still  have  to  be  removed,  and  that  woody  fibre  requires 
time  to  become  i^eptonized  without  clogging  the  filter,  but  the  trouble- 
some and  offensive  organic  solids  may  be  effectually  disposed  of,  and 
this  is  a  great  step  in  advance. 

The  relative  efficiency  of  such  treatment,  as  compared  with  mechani- 
cal filtration  and  chemical  jarecipitation,  is  well  illustrated  by  the 
following  results  obtained  at  Leeds: 


Oxygen  Absorbed  in 
4  Hours. 

Albuminoid  Ammonia. 

Parts  per 
100  000. 

Percentage 
purifica- 
tion. 

Parts  per 

100  000. 

Percentage 
purifica- 
tion. 

Crude  sewage 

12.14 
5.53 
6.57 
0.91 

■54' 
4ti 
93 

1.21 
0.67 
0.64 
0.125 

45 

47 

Bacterial  action  (Dibdin's  Alters) 

90 

Crude  sewage  contains  several  million  bacteria  per  cubic  centimeter 
— London  sewage  some  3^  million.  After  complete  nitrification,  these 
are  reduced  to  an  insignificant  number;  but  before  that  time,  although 
an  effluent  may  contain  sufficient  oxygen  to  complete  the  process  of 
purification,  it  may  contain  a  very  large  number  of  these  organisms. 
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Mr.  Allen.  Now,  while  there  is  some  evidence  to  indicate  that  pathogenic 
varieties  will  have  been  eliminated  before  arriving  at  this  stage,  yet 
with  the  present  imperfect  knowledge,  and  with  the  possibility  of 
their  subsequent  introduction  into  an  effluent  yet  containing  nutrient 
material,  it  would  probably  be  wise  to  fix  a  low  limit  to  the  bacteria 
per  cubic  centimeter  permissible  in  a  stream  used  for  a  water  supi^ly 
which  has  received  the  effluent  from  biological  filters.  In  fact,  it  is  a 
question  whether  the  water  of  such  a  stream  should  not  be  filtered 
before  distribution  to  a  city,  as  there  is  always  a  chance  that  at  times, 
through  accident  or  excessive  flow,  the  purification  of  the  sewage  may 
not  be  up  to  the  established  standard. 

"When  the  stream  is  not  used  for  drinking  purjooses,  the  i^resence 
of  a  large  number  of  bacteria  in  the  effluent  is  not  necessarily  an  un- 
favorable indication. 

It  is  believed  that,  for  the  present,  legislation  regarding  stream 
contamination  and  sewage  purification  should  be  largely  tentative, 
both  because  experience  in  these  matters  is  as  yet  limited,  and 
because  it  is  rapidly  increasing. 

In  dealing  with  a  subject  so  complex  and,  at  the  same  time,  often 
involving  the  public  health  and  the  outlay  of  large  sums  of  money — 
in  the  establishment  of  purification  works  on  the  one  hand  and  the 
depreciation  of  riparian  property  on  the  other — each  case  of  pollution 
should  be  considered  by  itself,  by  an  authorized  offlcial,  who  should 
be  a  man  of  much  tact  and  ability,  as  well  as  one  having  sjjecial 
knowledge  and  experience  in  his  line.  He  should  be  guided  by  cer- 
tain general  laws  regarding  stream  pollution,  but  should  be  given 
considerable  discretionary  jjower,  and,  to  avoid  troublesome  changes 
of  policy,  it  would  iirobably  be  well  to  have  him  serve  a  long  term  of 
years.  On  the  other  hand,  he  should  not  be  enabled  to  use  his 
authority  in  too  summary  or  arbitrary  a  way,  to  the  disturbance  of 
vested  interests,  when  not  absolutely  necessary  for  the  jjublic  good. 

In  order  to  make  his  supervision  efiective,  the  area  under  his  con- 
trol should  be  defined  by  the  natural  water-shed  lines;  that  is,  he 
should  have  authority  over  the  entire  drainage  area  of  one  or  moi'e 
streams,  and  be  responsible  for  their  condition. 

In  order  to  efi"ectively  control  stream  contamination,  it  is  suggested 
that  all  streams  may  be  placed  in  one  of  three  general  classes,  viz. : 

I.   Streams  far  from  populous  centers  and  not  likely  to  be  used 
for  manufacturing  or  domestic  purposes. 
n.   Streams  likely  to  be  used  for  other  than  domestic  purposes. 
HI.   Streams  likely  to  be  used  for  domestic  purposes. 

Such  a  classification  would  not  appear  to  be  difficult  or  intricate, 
and  laws  regarding  permissible  pollution  would  apply,  in  general,  to 
all  streams  of  the  class  in  question.  Class  I  would  require  little  or 
no  legislation,  while  certain  standards  of  purity  for  sewage  effluents, 
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etc.,  would  apply  to  Class  II  and  others  to  Class  III.  Moreover,  in  Mr.  Allen. 
the  case  of  large  rivers,  like  the  Mississippi  or  Hudson,  it  would  be 
quite  possible  to  include  the  headwaters  and  upper  reaches  in  Class 
III  and  leave  the  lower  reaches  in  Class  II.  On  the  other  hand,  if 
certain  populous  centers  toward  the  mouth  of  the  stream  should 
befoul  its  waters  to  the  detriment  of  the  fishing  or  other  interests  near 
by,  it  might  be  necessary  to  create  a  si^ecial  district  to  which  the 
restrictions  for  Class  III  would  apply. 

That  the  purification  of  the  sewage  of  large  cities  by  land  disjjosal 
is  feasible,  is  seen  by  such  examples  as  Berlin  and  Paris. 

Suitable  land,  however,  is  not  always  available,  when  chemical 
treatment,  followed  by  filtration  through  the  natural  soil,  as  at  Bir- 
mingham and  Manchester,  or  through  jjreijared  filter  beds,  as  at  Glas- 
gow and  Sheffield,  may  be  resorted  to.  In  the  cases  of  London  and 
Salford,  the  sewage  is  merely  clarified  by  chemical  precipitation,  and 
the  sludge  is  carried  out  to  sea  by  steamers  and  dumped;  and  in  such 
cases  the  efiluent  cannot  be  said  to  be  truly  purified.  The  previous 
examples,  however,  sufiice  to  show  that  there  is  no  inherent  difficulty 
in  purifying  the  sewage  of  a  large  city,  even  if  irrigation  cannot  be 
availed  of.     It  is  merely  a  question  of  selecting  the  best  and  cheapest. 

The  modern  bacteriolytic  processes  avoid  the  acquirement  of 
extended  areas  for  irrigation  on  the  one  hand  and  the  question  of 
sludge  disposal  on  the  other,  and  from  them  the  ideal  solution  of  the 
sewage  disposal  question  of  the  future  may  be  hoped  to  be  realized. 
Experience  has  already  been  sufiicient  to  obtain  for  these  methods 
very  high  endorsement. 

For  instance,  in  testimony  before  a  Local  Government  Board 
Inquiry  at  Exeter,  regarding  the  septic  tank  treatment,  Dr.  Eideal 
gave  as  his  opinion,  that 

"  Wherever  a  sewage  farm  would  work,  this  system  would  work, 
and  anything  which  would  prevent  this  system  working  would  prevent 
a  sewage  farm  working." 

When  asked  whether  it  could  be  ai^plied  to  very  much  larger 
towns,  he  replied  "much  larger."  Dr.  Dupre,  also,  declared  that 
"no  system  of  jDurification  hitherto  known  had  such  a  complete  effect 
upon  sewage. " 

It  must  be  admitted,  however,  that  up  to  the  present  time  no  great 
city  uses  any  of  these  methods.  The  largest  plant  is  at  Sutton,  Eng- 
land, where  some  145  000  U.  S.  galls,  per  day  are  treated  by  the  Dib- 
din  system  of  double  filtration. 

The  Sewerage  Commission  of  the  City  of  Baltimore,  which  for 
some  time  has  had  this  very  matter  under  consideration,  while  admit- 
ting the  admirable  results  attained  at  Sutton,  Exeter,  and  elsewhere, 
and  after  consultation  with  Mr.  James  Mansergh,  regarding  this  parti- 
cular point,  has  refrained  from  recommending  any  one  of  these  sys- 
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Mr.  Allen,  tems  for  so  large  a  city,  involving,  as  it  must,  much  that  would  be 
new  when  applied  on  the  scale  proposed.  But  this  decision  is  quali- 
fied by  the  statement  that 

"  The  Commission  fully  recognizes  that  one  or  more  of  them  may 
prove  available  for  the  treatment  of  the  sewage  of  some  of  our  out- 
lying districts,  and  may,  if  future  experience  sustains  the  claims  and 
anticipations  of  their  advocates,  yet  become  adequate  to  our  service 
on  a  larger  scale." 

To  su.m  up  what  has  been  said,  it  is  believed: 

{a}  That  stream  contamination  should  be  prohibited,  and  the  puri- 
fication of  the  sewage  of  cities  be  compulsory  only : 

(1)  When  it  is  offensively  evident  to  the  senses  of  smell  or 
sight. 

(2)  When  manufacturing,  fishing,  or  other  productive  inter- 
ests are  likely  to  be  seriously  affected  thereby. 

(3)  When  the  health  of  neighboring  communities  is  jeopar- 
dized, either  through  the  authorized  use  of  the  stream  for  dom- 
estic purposes,  the  probable  contamination  of  areas  devoted  to 
the  culture  of  shell-fish,  or  the  jarobable  formation  of  deposits 
upon  shoals  or  shores 

[b)  That  the  purification  of  the  sewage  of  large  cities  is  always 
feasible.  It  is  always  costly,  but  it  is  probable  that  the  introduction 
of  bacteriolytic  methods  of  treatment  will,  in  general,  when  more 
fully  developed,  tend  to  economy. 

(Cj  That  to  make  legislation  effective: 

(1)  All  streams  should  be  classified  according  to  their  per- 
missible contamination. 

(2)  A  responsible  officer  should  supervise  and  control  all 
sources  of  i^ollutiou  throughout  the  drainage  area  of  every 
stream  in  which  pollution  is  restricted  by  law. 

(3)  Where  possible  to  formulate  consistent  regulations 
regarding  the  limits  of  contamination,  this  should  be  done;  but 
that  with  regard  to  organic  contamination,  in  the  present 
imperfect  but  advancing  state  of  our  knowledge  on  this  sub- 
ject, the  matter  may  best  be  left  largely  to  the  discretion  of  the 
official  in  charge  of  the  isarticular  drainage  area  in  question. 

Mr.  Owen.  James  Owen,  M.  Am.  Soc.  C.  E. — It  has  not  been  regarded  as 
within  the  province  of  this  Society  to  discuss  legal  questions,  but, 
recognizing  legal  enactments  as  the  crystallization  of  public  opinion 
on  the  subject  legislated  upon,  the  legal  aspect  of  stream  pollution  is 
worthy  of  consideration.  The  radical,  unqualified  proposition  that 
all  jjollution  of  streams  should  be  summarily  stopped  seems  to  the 
speaker  unwise.  The  question  is  a  very  live  one  in  New  Jersey,  and 
the  conditions  in  the  northern  part  of  the  State  furnish  an  object 
lesson. 
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The  Passaic  River  was  formerly  known  as  "the  beautiful  Passaic;"  Mr.  Owen, 
now  it  is  called  "  the  dirty  Passaic."  Along  its  banks  is  a  population 
of  about  400  000  persons,  who,  by  the  construction  of  sewers,  have 
completed,  within  the  past  twenty  years,  a  system  of  discharge  which 
renders  the  river  unfit  for  potable  uses,  or  for  any  purposes  for  which 
water  can  be  used.  Until  three  years  ago,  Jersey  City  took  its  water 
from  the  lower  Passaic.  It  was  bad  water,  much  contaminated  and 
unfit  to  drink,  and  Jersey  City  vainly  tried,  for  years,  to  obtain  from 
the  Courts  means  to  restrain  the  towns  above  its  intake  from  dis- 
charging their  sewage  into  the  stream. 

Newark  obtained  a  new  water  supply  about  ten  years  ago,  and 
Jersey  City  got  a  new  supply  three  years  ago.  Curiously  enough,  as 
soon  as  Jersey  City  stopped  taking  its  drinking  water  from  the  river, 
there  arose  a  popular  demand  that  the  pollution  of  the  river  should 
cease.  Paterson,  with  100  000  population,  is  discharging  a  large 
amount  of  sewage  into  the  river,  and  Newark  and  the  towns  between 
Newark  and  Paterson  wish  defilement  from  this  source  j^rohibited. 
Newark  also  discharges  an  enormous  amount  of  sewage  into  the  river, 
and  this  drifts  up  with  the  tide  for  four  or  five  miles  above  the  city. 

On  the  Upper  Passaic  is  the  small  town  of  Summit,  which  is  dis- 
charging into  the  river,  not  crude,  but  filtered,  sewage.  The  City  of 
Paterson  has  brought  suit  against  Summit  to  prevent  its  pollution  of 
the  stream.  As  a  kind  of  cross-fire  comes  the  proposition  of  the  City 
of  Paterson  to  enjoin  the  East  Jersey  Water  Company  from  taking 
water  from  the  river,  on  the  plea  that  there  will  not  be  left  in  the  river 
sufficient  water  to  take  the  city's  sewage  down.  From  this  it  will  be 
seen  that  the  trend  of  public  opinion  in  that  locality  is  indefinite. 

It  cannot  be  too  strongly  emphasized  that  there  should  be  no  con- 
tamination of  drinking  waters  or  the  sources  of  such  waters;  but  the 
matter  of  the  discharge  of  sewers  into  rivers  used  merely  for  naviga- 
tion, or  for  drainage,  should  be  considered  as  a  question  of  dilution ; 
and  if,  within  the  next  few  years,  a  standard  of  jjermissible  dilution, 
which  would  be  free  from  efiects  deleterious  to  the  community,  can  be 
established,  the  prime  object  of  this  inquiry  will  have  been  attained. 

Charles  G.  Dakrach,  M.  Am.  Soc.  C.  E. — The  study  of  this  problem  Mr.  Darrach. 
for  twenty-five  years  leads  the  speaker  to  agree  with  the  conclusions 
so  admirably  expressed  by  Mr.  McMath.  The  engineers  of  America 
are  comiietent  to  solve  this  i^roblem,  and  the  speaker  anticipates  not 
only  its  solution  but  such  a  development  in  the  future  as  will  modify 
the  water-supply  question  to  the  extent  that  if  necessary  a  city  will 
not  be  obliged  to  go  beyond  the  purification  of  its  own  sewage  to 
supply  itself  with  water. 

E.  W.  Harrison,  M.  Am.  Soc.  C.  E. — The  subject  of  the  right  of  Mr.  Harrison, 
cities  on  tidal  streams  to  discharge  their  sewage  therein  has  not  been 
taken  up  in  this  discussion,  but  some  recent  events  indicate  a  disposi- 
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Mr.  Harrison,  tion  to  impose  unnecessary  and  harmful  restrictions  on  such  com- 
munities. When  the  City  of  Newark  was  founded,  about  200  years 
ago,  the  site  was  chosen  because  it  was  on  a  tidal  stream.  It  offered, 
by  reason  of  its  location,  advantages  for  settlement,  for  manufactures 
and  for  commerce.  This  agitation  for  the  purification  of  the  Passaic 
River,  of  which  Mr.  Owen  sjioke,  resulted  in  swinging  the  jjendulum 
far  from  the  stand  taken  by  the  Courts  ten  years  ago,  for  in  March 
last  the  City  of  Newark  was  enjoined  from  draining  about  130  acres 
of  land  into  the  Passaic  at  a  point  where  the  tide  ebbed  and  flowed. 
The  water  at  this  point  was  salt,  though  not  as  salt  as  the  sea,  but 
both  medical  testimony  and  a  bacteriological  examination  were  sub- 
mitted to  show  that  the  growth  of  bacteria  was  inhibited  by  reason  of 
its  saltness.  The  river  was  thus  acting  only  as  a  carrier,  conveying 
sewag"e  to  the  sea  without  affording  o^jportunity  for  the  further  growth 
of  bacteria. 

That  agitation  and  decision  are  now  bearing  strange  fruit.  Other 
towns  draining  into  estuaries  of  New  York  Bay  are  seeking  places  of 
deiDosit  for  their  sewage,  and  they  can  keep  thcii-  water  supplies  pure 
only  by  turning  their  sewage  into  the  tidal  streams.  This  decision 
has  helped  to  create  the  opinion  in  northern  New  Jersey  that  no  sewage 
should  be  emptied  into  any  stream,  tidal  or  otherwise,  not  even  into 
the  Kill  von  Kull,  a  tidal  strait  between  Staten  Island  and  New  Jersey, 
passing  an  enormous  quantity  of  water  with  a  swift  current. 

The  recognition  of  this  argiiment  as  a  governing  jsrinciple  would 
operate  to  deprive  cities  located  on  estuaries  and  tidal  streams  of  one 
of  their  great  advantages  as  manufacturing  sites.  If  a  manufacturing 
plant  cannot  be  established  along  the  Ai-thur  Kills,  or  a  large  city  grow 
up  there  with  the  right  to  discharge  sewage  into  the  salt  water;  if 
investors  in  such  enterprises  must  contemplate  an  enormous  bond  issue 
to  take  care  of  sewage,  the  manufacturing  plant  or  the  city  might  as 
well  be  located  up  in  the  mountains.  Engineers  will  discriminate  be- 
tween drainage  into  salt  water  and  drainage  into  a  fresh -water  stream, 
and,  while  the  speaker  agrees  with  Mr.  Owen  that  the  jjollution  of 
streams  now  used  or  likely  to  be  used  for  water  supply  should  be  pro- 
hibited, the  same  argixments  do  not  apply  in  the  case  of  tidal  streams; 
otherwise  sewage  purification  works  would  be  required  for  cities  like 
New  York  and  Brooklyn. 
Mr.  Maignen.  P.  A.  Maignen,  Esq. — In  Paris  the  distribution  of  the  water  suj^ply 
is  double  and  of  two  qualities;  raw  river  water  for  industrial  purposes, 
street  sprinkling,  fire  extinguishing  and  other  base  uses— sold  at  12 
cents  per  1  000  galls. ;  and  S23ring  or  assimilated  (filtered)  water  for 
drinking  and  household  purposes — sold  at  21  cents  per  1  000  galls. 

The  potable  water  distribution,  being  kept  at  a  higher  pressure 
than  the  industrial  water,  became  largely  used  for  hydraulic  elevators 
and  other  purposes  as  motive  jjower.     In  order  to  discourage  this 
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misuse  of  the  pure  water,  the  rate  for  sucli  purposes  was  raised  to  48  Mr.  Maignen. 
cents  per  1  000  galls.     This  differential  rate  has  j)revented  the  abuse  of 
the  pure  water,  so  that  filtration  plants  have  to  be  jirovided  only  for 
water  legitimately  used  and  well  paid  for. 

Another  reason  for  which  French  engineers  advocate  the  double 
canalization  system  is  to  maintain  an  even  pressure  in  the  pure  water 
distribution,  so  as  to  reach  the  highest  points  of  the  cities  at  all  times. 
It  is  customary,  in  many  towns,  to  water  the  streets  and  flush  the 
sewers,  for  several  hours  every  day.  With  a  single  canalization  the 
upper  parts  of  the  city  would  be  deprived  of  water  by  the  simultaneous 
opening  of  the  low-town  hydrants;  this  trouble  does  not  occur  with  a 
double  canalization. 

Filtration,  as  an  art,  is  still  in  its  infancy.  It  is  a  mistake  to  ask 
too  much  of  a  single  filtering  operation.  The  work  should  be  divided. 
Something  has  already  been  accomplished  in  this  direction  by  the  use 
of  storage  reservoirs,  but  unless  they  are,  as  in  London,  large  enough 
to  render  pumping  during  storms  unnecessary,  they  are  only  extensions 
of  the  river,  and  of  little  use.  If  storage  reservoirs  are  wanted  in  case 
of  accidents  to  the  pumps,  by  all  means  build  them,  but,  in  the 
speaker's  opinion,  clarification  can  be  obtained  equally  well  by  quick 
upward  filtration  through  coarse  sand  or  other  coarse  material — the 
choice  varying  according  to  the  particular  quality  of  the  water  to  be 
dealt  with — and  at  less  expense. 

Sand  filtration,  as  carried  on  in  Europe,  with  sundry  improve- 
ments, could  be  applied  as  a  secondary  operation.  And  it  is  possible 
to  find,  in  the  large  industries,  such  as  sugar  and  chemical  works, 
breweries,  wine  producers  and  the  like,  which  have  recourse  to  filtrar- 
tion,  some  ideas  which  may  be  of  service  in  carrying  out  a  third  and 
final  operation  in  the  purification  of  water  for  city  supplies. 

L.  L.  Tkibus,  M.  Am.  Soc.  C.  E.  (by  letter). — For  twenty  years  past  Mr.  Tribus. 
the  providing  of  suitable  water  supplies  for  thickly  settled  districts 
has  been  receiving  more  and  more  intelligent  consideration;  the  rela- 
tion of  physical  health  to  the  wealth  and  efficiency  of  a  community 
has  been  more  carefully  studied  from  the  economic  as  well  as  the 
aesthetic  standpoint ;  and  to  the  ends  at  issue  have  been  brought  the 
brains,  energies  and  conscientious  efforts  of  engineers,  chemists  and 
even  of  municipal  officials  themselves,  who  have  been  poi:)ularly  classed 
as  men  devoid  of  other  than  j^olitical  instincts. 

To  a  more  limited  degree,  the  disposal  of  the  wastes  of  civilized 
life,  passing  off  as  sewage,  has  received  careful  attention,  and  is  begin- 
ning to  be  treated  as  it  deserves,  as  one  of  the  most  important  subjects 
for  the  engineer  to  consider.  It  is  not  alone  necessary  to  provide 
human  beings  "svdth  j^ure  food  and  drink;  it  is  equally  necessary  to 
remove  the  refuse  after  the  valuable  parts  are  used. 

The  questions  presented  for  these  informal  discussions,  relating  to 
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Mr.  Tribus.  Stream  Contamination  by  Sewage,  Purification  of  Sewage,  and  Filtra- 
tion of  Water,  are  so  correlated  as  to  make  their  separation  here 
scarcely  wise,  althougli  certain  features  of  each  are  distinct. 

By  far  the  larger  number  of  cities  (the  term  "  cities  "  including  all 
communities  making  use  of  municipal  systems  of  water  supply  or 
sewerage),  take  their  supply  from  rivers  or  lakes,  larger  or  smaller  as 
the  case  may  be;  those  using  the  various  forms  of  driven  and  artesian 
wells  not,  as  a  rule,  having  the  classes  of  waters  that  need  artificial 
purification.  This  being  the  case,  it  is  evident  that  the  source  of 
supply  should  be  maintained  in  all  possible  purity,  rather  than  that 
the  water  should  be  permitted  to  deteriorate,  and  then  need  to  be  jjuri- 
fied  by  some  form  of  filtration,  and  at  great  expense. 

Consequently,  defiling  matter,  as  certainly  raw  sewage  must  be 
considered,  should  not  be  admitted  to  a  lake  or  stream  if  there  is  any 
jjossibility  of  injuring  the  water  suj^ply  of  another  jalace.  There 
is  no  justice  in  permitting  one  community  to  save  itself  trouble 
and  exi^ense  by  entailing  trouble  and  exi^ense  on  another,  or  in 
event  of  that  other  not  having  sufficient  enterprise  to  protect  itself, 
and  jjerhaps  furnishing  to  it  elements  of  disease  and  danger.  Rights 
to  the  waters  of  a  stream  have  caused  litigation  for  centuries,  but  it 
is  only  in  comparatively  recent  times  that  "use"  of  the  stream  has 
been  considered  as  requiring,  morally,  if  not  always  legally,  passing  it 
on  in  unimj^aired  purity. 

Certain  classes  of  sicknesses  known  as  "Filth  "  diseases,  of  which 
typhoid  is  the  most  jjrominent,  are  usually  attributed,  and  probably 
with  justice,  to  the  dissemination  by  the  water  suj^ply  (or  milk,  directly 
associated,  too  often,  with  it)  of  germs  contributed  by  sewage  to  the 
sources  of  the  water  system.  Dilution  of  sewage  with  water  has  been 
largely  looked  upon,  even  by  engineers,  as  a  means  of  purification,  and 
to  some  extent  it  is,  but  dilution  does  not  destroy  germs;  and  disease 
germs  in  a  large  volume  of  water  have  just  so  miich  more  chance  of 
dodging  the  other  forms  of  bacterial  life  which  seek  to  destroy  them. 

Not  many  years  ago,  purification  of  sewage  was  not  an  unmixed 
success,  chiefly  because  of  unintelligent  design  and  carelessness  in 
the  operation  of  plants,  the  method  of  Nature's  action  not  being 
entii-ely  understood,  or,  if  so,  then  ignored;  the  germ  theory  had 
scarcely  been  laromulgated,  and  the  existence  of  bacteria  of  dififerent 
kinds,  which,  like  peojjle,  jireyed  on  each  other,  was  unknown. 

It  would  be  a  difiicult  matter  to  estimate  in  dollars  and  cents  the 
losses  of  property,  the  destruction  of  valuable  material,  and  the  injury 
to  lives,  directly  traceable  to  the  emptying  of  crude  sewage  into 
streams;  yet  few  will  deny  that  the  aggregate  sum  would  be  vast.  The 
driving  away  or  destruction  of  fish  life,  removing  thereby  a  very  valu- 
able article  of  food;  the  depreciated  value  of  property  adjoining  such 
sewage  contaminated  streams,  and  the  actual  deaths  of  hundreds  or 
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thousands  of  human  beings,  from  the  use  of  polluted  waters,  suffi-  Mr.  Tribus. 
eientlj  indicate  the  conditions  at  stake.  The  latter  tojjic  has  been  so 
admirably  covered  in  recent  jsapers  on  typhoid  and  allied  diseases, 
with  their  relationship  to  water  supplies,  that  merely  sjjeaking  of  the 
remarkable  reduction  in  death  rate,  noticeable  after  the  introduction  of 
pure  supplies,  is  all  that  is  necessary  here. 

The  New  York  State  Board  of  Health,  in  its  policy  of  saving  streams 
and  lakes  from  further  contamination,  practically  compelling  cities 
to  treat  their  sewage,  seems  to  the  writer  to  have  taken  the  only  proper 
action  that  justice  and  right  can  countenance;  yet  there  are  instances 
where  such  exclusion  would  appear  an  unnecessary  precaution,  for 
the  rights  of  no  one  would  seem  to  be  injured  by  "  direct  "  disposal. 

It  is  a  question,  therefore,  that  had  best  be  left  to  the  intelligent 
and  more  enlightened  sentiment  and  judgment  of  communities  directly 
concerned,  trusting  to  fully  sufficient  existing  laws  to  prevent  undue 
trespass  on  the  rights  of  others.  The  writer  believes,  however,  that 
the  j)roportion  of  sewerage  systems  to  be  constructed  in  the  future, 
without  adeqiiate  disposal  and  purification  plants,  will  be  very  small; 
and  that  a  large  number  of  the  systems  now  in  use  will  ultimately 
require  treatment. 

The  same  discussion  applies  very  largely  to  the  second  question — 
"Should  the  Purification  of  the  Sewage  of  Cities  be  Compulsory?" 
Present  laws  or  court  decisions  cover  fully  all  cases  where  non-treated 
sewage  becomes  a  nuisance  to  residents  of  the  city  itself  or  to  those  of 
other  places.  Unfortunately,  enforcement  of  laws  seems  to  be  a  very 
difficult  matter,  and  there  is  no  reason  to  suppose  that  any  new  laws, 
even  apparently  more  binding,  would  work  to  any  greater  advantage. 

As  far  as  aijplicability  to  large  cities  is  concerned,  new  questions 
always  arise.  In  almost  all  instances,  large  cities  have  grown  up  on 
the  shores  of  tidal  harbors,  great  lakes  or  large  rivers,  so  that  sewage 
flow  bears  usually  so  small  a  projjortion  to  the  volume  of  moving 
water,  fresh  or  salt,  that  the  dilution  dissipates  most  of  the  cause  of 
offence,  though  in  the  course  of  years,  unmistakable  and  permanent  in- 
dications of  defilement  can  be  noticed  near  the  outlets  of  the  sewers. 

It  is  necessary  to  note  clearly,  what  purification  of  sewage  actually 
means.  It  is  the  total  resolution  into  harmless  inorganic  elements,  of 
all  defiling  or  organic  matters— a  complete  chemical  combustion  or  oxi- 
dation. In  this  process,  bacteria,  abounding  in  the  sewage  itself,  have 
a  great  deal  to  do;  in  the  opinions  of  some,  perhaps  more  than  any 
other  agent. 

A  direct  answer  as  to  its  feasibility  for  large  cities  is  impossible; 
each  city  must  be  judged  by  its  own  conditions.  New  York,  Philadel- 
phia and  Chicago  Avould  illustrate  the  impossible,  or  at  least, 
impracticable.  Paris  has,  in  a  large  measure,  successfully  embraced 
purification.     London  aims  to  make  the  effluent  inoffensive,  but  it  is 
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Mr.  Tribus.  far  from  being  purified;  its  chemical  treatment  and  subsidence  being 
only  an  arresting  of  Nature's  processes,  and  not  a  completion  of  them. 
To  a  thorough  understanding  of  this  last  subject  must  those  come  who 
have  the  handling  of  sewage  problems.  Nature  cannot  be  hurried, 
though  she  enjoys  being  assisted.  We  must  conform  to  her  laws  or 
failure  will  ensue. 

It  is  possible  to  purify  sewage,  and  it  is  practicable,  but  it  takes 
land  in  large  areas  to  do  it  economically,  and  land  proj^erly  selected 
and  prejaared,  with  the  utmost  care  in  its  use,  besides;  or  it  takes  water 
in  such  large  volume  that  the  same  j^rocesses  of  nitrification  and  oxi- 
dation can  be  carried  on  without  regard  to  time,  and  be  conveyed 
away  by  currents  or  streams,  so  as  to  be  inoffensive  during  the  opera- 
tions. The  methods  of  treatment  need  not  enter  into  this  discussion; 
but  it  must  be  borne  in  mind  that,  unless  local  conditions  absolutely 
prevent,  some  form  of  land  treatment,  without  the  use  of  chemicals, 
comes  nearest  to  Nature's  own  most  efficient  process,  and  consequently 
is  most  likely  to  prove  successful,  even  under  severe  climatic  condi- 
tions. 

Closely  allied  to  the  purification  of  sewage,  and  even  more  important 
to  human  life,  is  the  providing  of  j^ure  water  suppHes.  Mountain  lakes 
and  brooks  in  uninhabited  or  sparsely  settled  districts  can  usually  be 
taken  as  of  sufficient  purity,  if  the  water  be  intelligently  gathered  and 
cared  for. 

The  trend,  however,  of  growth  of  population,  is  in  the  grouping  of 
communities  along  the  courses  of  the  larger  streams  and  on  the  shores 
of  lakes.  This  entails  more  care  in  the  selection  of  intake  iioiuts,  and 
is  gradually  tending  to  make  undesirable  the  use  of  neighboring 
waters  for  public  supplies  without  treatment  before  use.  On  the  other 
hand,  the  smaller  streams  and  lakes,  not  subject  to  pollution,  do  not 
furnish  sufficient  quantities  of  water  for  the  larger  cities,  even  when 
storm-waters,  in  addition  to  normal  flow,  are  carefully  conserved.  It  is 
not  always  feasible  to  secure  grOund-water  or  rock-well  supj)lies,  nor  are 
such  waters  always  safe  or  desirable  themselves,  so  that  recourse  must 
be  had  in  most  cases  to  surface  sources.  Most  j^ersons  will  grant  that 
a  surface  supply,  from  unimpeachable  collecting  grounds  and  stored  in 
well-kept,  clean  reservoirs,  is  all  that  can  well  be  desired,  but  in  the 
more  closely  settled  States,  each  year,  such  a  condition  is  becoming 
much  harder  to  find.  Then,  again,  in  the  use  of  surface  waters  in  their 
natural  state  thex'e  is  always  somewhat  of  an  uncertainty,  for,  in  spite  of 
the  most  careful  supervision  of  the  water-shed,  unless  it  be  absolutely 
iminhabited,  contaminating  elements  are  always  likely  to  apjiear. 

The  writer  is  not  quite  ready  to  insist  that  all  public  supplies  be 
filtered,  for  here,  as  in  sewerage  questions,  situation  has  a  great  deal  to 
do  with  the  method  proper  for  adoption;  but  certainly,  intelligent 
filtration  never  harms  a  water,  while  its  lack  may  entail  danger.     Fil- 
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tration,  in  some  form  or  otlier,  undoubtedly  began  with  man's  use  of  Mr.  Tribus. 
water;  its  adoption,  on  strictly  scientific  lines  for  public  use,  is  a  de- 
velopment of  very  recent  years.  We  may  neglect  consid-eration  of  the 
small  household  filters,  the  thousand  and  one  devices  that  improve  or 
injure  the  water  according  to  the  care  in  their  use,  and  take  up  the 
broader  field  of  filtration  of  municipal  supplies  as  a  whole,  by  the  two 
general  systems  which  may  be  classed  as  "  Chemical  "  and  "Natiiral." 

It  is  unnecessary  here  to  disciiss  the  comparative  merits  of  either. 
It  is  sufiicient  to  say  that  both  have  full  fields  for  operation,  the  main 
point  being  that  it  is  fully  proven  that  impure  waters  can  be  filtered 
and  rendered  safe  and  desirable  for  domestic  use.  At  the  jjresent  day 
practically  everything  is  measured  by  its  value  in  dollars  and  cents,  a 
materialistic  theory  which  we  have  to  recognize  even  while  combating  it 
as  a  principle,  so  that  the  pro  and  con  of  filtration  for  any  jDarticular 
city  seems  to  be:  Does  the  advantage  of  a  purer  water,  in  decreased 
death  rate  of  population,  figuring  life  at  a  minimum  value,  or  a  gain  to 
the  community  of  the  work  of  so  many  persons  annually,  equal  the 
operation,  interest  on  cost  and  appropriations  for  a  sinking  fund  for  a 
filtration  jilant?  Of  course,  taxes  and  politics,  and  various  other,  often 
conflicting,  interests  are  also  considered;  though  imjiaired  health, 
more  or  less  discomfort,  and  ofi"ensiveness  to  eye  and  nose,  seem  to 
have  but  little  weight.  Usually  the  activity  of  a  violently  deadly 
epidemic  is  necessary  to  impress  the  weight  of  the  argument. 

The  writer  is  amply  convinced  that  the  coming  solution  of  the 
public  water  qiiestion,  considered  as  a  whole,  is  in  "purification," 
implying  rather  more  than  the  narrower  term  "filtration,"  though  that, 
in  its  growing  ordinary  accejjtation,  inchides  the  very  complex  opera- 
tions of  Nature  which  result  in  thorough  jiurification,  hence  safety  for 
the  health  of,  and  satisfaction  in  other  uses  by,  the  public  at  large. 

Palmeb  C.  Kicketts,  M.  Am.  Soc.  C.  E. — (by  letter). — The  great  Mr.  Ricketts. 
value  and  advantage  of  maintaining,  if  it  were  possible,  all  streams, 
large  and  small,  in  the  purity  they  exhibited  before  there  were  settle- 
ments upon  their  banks  is  self-evident.  The  fact,  however,  remains 
that,  to  a  greater  or  less  extent,  streams  always  have  been  and  always 
will  be  natural  sewers.  They  will  be  as  long  as  water  keeps  flowing 
from  the  land  into  them  and  carrying  with  it  impurities  dangerous 
to  health.  Those  flowing  in  thickly  populated  valleys  certainly  will 
be,  even  if  the  oi'dinary  sewage  of  the  cities  on  their  banks  be  purified 
before  being  discharged  into  them.  The  faecal  matter  of  one  inmate  of 
one  farm  house  may  cause  more  havoc  than  a  year's  sewage  flow  from 
a  large  town. 

As  an  example,  consider  the  Mohawk  Eiver  Valley  in  New  York; 
narrow,  with  a  long  line  of  villages,  towns  and  cities  along  its  banks, 
and  elsewhere  quite  thickly  settled.  If  no  sewage  from  towns  and 
cities  were  permitted  to  be  discharged  into  it  the  water  wotild,  never- 
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Mr.  Ricketts.  theless,  be  unsafe  for  drinking  pui'iioses,  if  not  filtered.  This  river 
discharges  into  the  Hudson  Eiver  below  the  intake  of  the  Troy  water- 
works. Below  Troy,  the  cities  of  Albany,  Hudson  and  Poughkeepsie 
filter  the  water  pumped  from  the  Hudson  Kiver.  At  least  the  last  two 
have  filtered  it  for  years  and  the  first  will  shortly  have  its  extensive 
plant  in  operation.  Under  these  circumstances  it  would  be  extremely 
difficult  to  force  the  great  population  of  the  towns  and  cities  in  the 
Mohawk  Valley  to  purify  their  sewage  before  discharging  it  into  the 
river,  in  order  that  its  water  might  be  more  pure,  but  not  iDure  enough 
to  be  drunk  with  safety. 

In  the  "Eeport  on  the  Chicago  Drainage  Canal  by  the  Commission 
appointed  by  the  Mayor  of  St.  Louis,  Mo.,  1899,"  may  be  found  the 
paragraph : 

"  By  general  law  of  the  United  States  all  cities  must,  sooner  or 
later,  be  j^revented  from  polluting  the  natural  water  courses  of  the 
country  with  sewage." 

However  much  jurisdiction  the  United  States  may  have  in  the 
Chicago  Drainage  Canal  question,  it  would  have  to  be  considerably 
stretched  to  cover  the  case  of  a  non-navigable  stream,  like  the  Mohawk, 
lying  wholly  within  a  single  State  and  discharging  into  a  river  lying, 
as  far  as  that  part  of  it  valuable  for  water-supply  purposes  is  con- 
cerned, in  the  same  State.  And  being  thus  practically  a  State  qiies- 
tion,  how  much  chance  is  there  that  this  large  part  of  the  population 
can,  by  act  of  Legislature,  be  prit  to  great  expense  without  proof  that 
it  is  necessary. 

When  the  writer  became  engineer  of  the  Public  Imjirovements 
Commission  of  the  City  of  Troy,  N.  Y.,  and  had,  in  consequence,  to 
design  a  complete  system  of  sewerage  for  the  city,  he  was  asked 
whether  it  would  not  be  advisable  to  build  an  intercepting  sewer  along 
the  river  and  jaurify  the  sewage  of  the  whole  city  at  the  south  end 
before  discharging  it  into  the  Hudson  River.  This  would  have  entailed 
pumping  9  000  000  galls,  a  day,  exclusive  of  any  rainfall,  to  a  height  of 
about  200  ft.,  purifying  it,  and  discharging  the  effluent  into  the  Hudson 
about  5  miles  below  the  mouth  of  the  sewage-laden  Mohawk  River. 
Twenty-five  years  ago  the  City  of  Troy  began  to  pump  most  of  its 
water  supply  from  the  Hudson  above  the  mouth  of  the  Mohawk, 
where  the  water  was  quite  pure.  Instead  of  doing  this  it  could  have 
obtained  a  bountiful  supply  by  a  gravity  system  at  a  reasonable  cost. 
In  the  meantime  the  river  has  become  more  contaminated  above  the 
intake,  by  the  sewage  of  towns  which  have  since  grown  larger,  and  the 
quite  pure  water  supply  still  exists  in  the  highlands  back  of  the  city. 
Under  these  circumstances  could  Troy,  in  equity,  compel  the  towns 
above  to  purify  their  sewage? 

The  writer  has  thus  taken  up  the  conditions  existing  in  one  neigh- 
borhood to  show  that  no  radical  general  rule  can  reasonably  be  made 
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regarding  sewage  purification.  General  laws,  absolutely  prohibiting  Mr.  Ricketts. 
the  discharge  of  unpurified  sewage  into  streams,  would  in  many  cases 
be  destructive  and  unjust;  and,  in  the  design  of  a  system  of  sewer- 
age, it  is  well  to  remember  that  it  is  easy  to  put  a  community  to 
unnecessary  expense  to  meet  possibilities  which  never  materialize,  and 
sometimes  to  jjrevent  the  construction  of  much-needed  works  by  pro- 
hibitive and  unnecessary  conditions. 

On  the  other  hand,  it  is  not  necessary  to  state  that  many  cases  exist 
where  the  jaurification  of  sewage  before  its  discharge  into  streams  is 
advisable  and  necessary.  This,  of  course,  is  particularly  the  case 
where  the  streams  are  small  and  the  country  thickly  settled.  Those  in 
the  neighborhood  of  Boston  afford  a  good  example.  It  also  seems  evi- 
dent that  even  if  a  stream  is  not  to  be  used  for  a  water  supply  it  should 
not  be  permitted  to  become  a  nuisance  because  of  sewage  discharged 
into  it. 

As  to  the  pure-water  question  for  cities,  the  writer  believes  filtra- 
tion to  be  its  coming  solution.  More  or  less  pure  water  may  be  used 
without  filtering  if  it  comes  from  a  source  uncontaminated  by  the 
sewage  of  villages  or  cities,  but  the  only  way  to  be  sure  that  it  shall  be 
reasonably  pure  is  to  filter  it. 

James  Smith  Haktng,  M.  Am.  Soc.  C.  E.   (by  letter).— There  is  a  Mr.  Hanng. 
phase  of  the  discharge  of  raw  sewage  into  rivers  and  streams  which 
was  not  mentioned  in  the  oral  discussion  of  this  subject,   that  of  the 
minimum  flow,  in  either  rivers  or  streams. 

This  is  a  matter  of  great  importance  in  considering  the  question  of 
permitting  untreated  sewage  to  enter  sources  of  water  supply,  not  only 
as  regards  the  effect  upon  the  purity  of  the  supply  for  other  localities, 
but  also  the  relation  which  the  amount  of  sewage  passing  into  the 
stream  has  to  the  quantity  of  water  flowing  therein,  to  prevent  the 
nuisance  of  the  collection  of  undiluted  sewage  in  the  immediate 
vicinity. 

Most  western  rivers  are  subject  to  large  variations  in  both  depth  of 
flow  and  area  covered  during  the  periods  of  maximum  and  minimum 
seasons.  Although  the  volume  of  water  is  calculated  from  the  total 
quantity  j^assing  in  the  channel,  yet  it  may  be  so  divided  and  diverted 
as  to  leave  the  conditions  attending  the  dilution  of  sewage  quite  at 
variance  with  the  permissible  allowance.  Especially  is  this  true  of 
rivers  having  very  rocky  channels,  in  which  the  flow  is  concentrated  at 
certain  points  into  small  cross-sections;  while,  at  other  places,  the 
water  is  spread  out  over  a  very  shallow  but  wide  and  stony  bed  and 
almost  disappears.  This  is  also  true  of  a  river  of  sandbars  and 
marshes.  The  collection  of  sewage  in  beds  of  this  character  certainly 
emphasizes  the  necessity  of  compelling  its  treatment  before  discharg- 
ing it  into  streams  used  for  water  supplies.  It  seems  quite  unneces- 
sary to  require  any  treatment  of  sewage  before  disposing  of  it  in  tidal 
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Mr.  Haringr.  salt-water  bodies.  Cases  miglit  arise  where  sewage  miglit  be  cauglit 
on  a  flood  tide  and  carried  back  upon  tlie  shores  and  canse  a  nuisance, 
but  the  conditions  would  not  be  general,  and  the  writer  does  not  think 
that  in  the  discussion  of  this  subject  such  a  contingency  was  anticipated. 

The  only  way  to  make  the  jDurification  of  water  supplies  effective  is 
to  first  prevent,  by  Federal  laws,  the  pollution  of  rivers  and  streams. 
Too  many  of  our  rivers  are  in  the  jurisdiction  of  more  than  one  State 
to  make  the  State  control  of  these  matters  effective,  and  the  ijersonal 
feelings  of  lawmakers  are  too  largely  acted  upon  by  the  fear  of  giving 
oflense  to  some  person  or  interest  in  their  constituency  to  make  a  success 
of  individual  State  legislation.  Then,  too,  individiial  cities  and  towns- 
will  procrastinate  to  a  degree  almost,  if  not  quite,  criminal,  rather 
than  press  on  to  a  reform,  or  even  to  provide  the  means  necessary  to 
remedy  or  prevent  the  pollution  of  streams,  because  of  the  attending 
expense;  and  though  conscious  and  confessing  the,  shall  we  call  it, 
crime,  permit  it  to  go  on.  Only  a  general  law,  irrespective  of  State  or 
city,  can  prevent  effectually  what  will  be  in  a  few  years,  if  it  is  not  in 
some  places  already,  an  evil  of  great  magnitude. 

Filtration  is  destined  to  be  the  important  agent  to  prevent  whole- 
sale contagion  from  water-borne  diseases,  even  though  it  be  compulsory 
by  law  to  treat  sewage  before  permitting  it  to  flow  into  streams,  and 
even  though  the  effluent  be  purified  "  to  a  drinking-water  standard," 
as  one  business  concern  engaged  in  that  work  now  claims  to  do 
(though  the  standard  may  need  qualification).  The  rapid  development 
in  the  education  of  the  people  demands  the  filter  as  a  guaranty  of  the 
best  that  can  be  had  in  water  supply.  Though  sewage  may  be  treated 
and  made  inoffensive  by  the  expenditure  of  money,  yet  water  supplies 
cannot  be  manufactured,  and  the  daily  increasing  news  of  water 
famine  all  over  the  country  admonishes  us  of  such  conditions. 
Mr.  Fuertes.  James  H.  Fueetes,  M.  Am.  Soc.  C.  E.  (by  letter). — A  brief  analysis 
of  what  is  already  published  on  these  subjects  will  be,  it  seems  to  the 
writer,  of  more  vahie  than  the  addition  of  new  comjailation  to  obscure 
further  the  simple  principles  governing  the  jjoints  under  discussion. 

The  right  of  ijolluting  streams,  under  certain  conditions  and  to  a 
certain  extent,  has  been  a  large  factor  in  the  progress  of  all  advanced 
countries.  In  some  of  our  States  the  Mill  Acts,  passed  to  foster  grow- 
ing industries,  would  be  inojierative  if  this  right  were  not  conceded. 
The  term  pollution  is  always  comparative.  No  water  found  in  Nature 
is  pure,  the  i:)urest  being  that  from  mountain  springs.  Going  down 
the  scale  in  the  order  of  comparative  pollution,  would  then  be  classed 
ordinary  ground-waters,  waters  impounded  in  large  storage  reservoirs, 
waters  of  large  normal  rivers,  waters  of  large  lakes  taken  some  dis- 
tance from  the  shores,  waters  of  upland  streams,  and,  lastly,  wells 
and  bodies  of  water  polluted  directly  by  sewage  matter  near  the  point 
of  abstraction. 
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Prevention  of  i^olhition  must,  therefore,  imjily  degree  of  preven-  Mr.  Fuertes. 
tion  desirable,  because  all  streams  are  already  polluted  by  natural 
agencies   beyond   the  control  of   man's   legislation,    unless  flies   and 
birds  and  -winds  and  migratory  animals  can  be  legislated  out  of  exist- 
ence. 

To  prevent  stream  pollution  absolutely  would  be  undesirable.  If  a 
stream  is  not  to  be  used  for  a  water  supply,  or  if  its  waters  are  not  to 
enter  into  the  composition  of  matters  intended  for  human  consump- 
tion, suflicient  pollution  prevention  to  insure  its  not  being  offensive 
in  the  slightest  degree,  or  injurious  to  manufacturing  interests,  would 
be  sufficient.'  This  can  be  secured  under  the  existing  laws.  If  the 
water  is  to  be  used  for  a  water  supply,  its  protection  must  be  more 
complete;  but  here,  again,  the  laws  are  ample  in  scope.  Not  only 
would  it  be  undesirable,  but  it  would  be  impossible  to  secure  the 
passage  of  absolute  pollution-prevention  legislation,  because  such 
laws  would  paralyze  the  manufacttiring  interests  of  the  whole  country, 
and  would  thereby  arouse  irresistible  organized  opposition.  These 
views  are  expressed  by  the  best  exj^ert  opinion  and  by  legislative 
bodies. 

The  discharge  of  a  large  amount  of  sewage  into  a  small  stream 
will,  undoubtedly,  make  it  offensive  and  unfit  to  drink;  but  the  dis- 
charge of  a  much  greater  amount  into  the  Upper  Mississippi  River, 
would  be  undetectable  at  its  mouth.  Thus,  at  New  Orleans,  the  effect 
of  the  sewage  discharged  into  it  and  its  tributaries  by  all  the  cities 
between  the  Alleghenies  and  the  Rockies  is  comjjletely  masked  by 
the  much  greater  relative  pollution  of  the  same  kind,  caused  by 
surface  washings  from  the  water-sheds  of  these  streams.  In  this 
connection,  it  will  be  interesting  to  observe  whether  or  not  the 
infliience  of  the  Chicago  sewage,  after  it  is  directed  into  the  Mississippi 
River,  can  be  detected  at  St.  Louis. 

As  a  health  protective  measure,  for  cities  on  large  rivers  like  the 
Mississippi,  Ohio,  Hudson,  etc.,  it  would  be  more  efficacious  and  less 
expensive  for  all  to  discharge  their  crude  sewage  into  the  rivers  and 
then  purify  their  drinking  water,  than  for  all  to  purify  their  sewage 
and  not  their  water  supplies.  On  smaller  streams  both  processes 
may  be  necessary.  So  far  as  the  prevention  of  stream  pollution 
is  concerned,  the  laws  are  adequate;  witness  the  recent  cases  of  Dan- 
bury,  Conn.;  New  Britain,  Conn.;  Santa  Rosa,  Cal.,  and  numerous 
others. 

The  writer,  in  a  statistical  study  compiled  in  1896,*  called  attention 
to  the  extent  and  imjiortance  of  pollution  from  surface  washings,  and 
since  then  has  had  verification  of  his  deductions  by  seeing  the  same 
views  expressed  in  the  findings  of  a  special  investigation  for  the  War 

*  "  Water  and  Public  Health.  The  Relative  Purity  of  Waters  from  Different 
Sources." 
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Mr.  Fuertes.  Department  on  the  cause  of  typhoid  fever  in  the  army  camps  during  the 
late  war,  and  in  the  report  of  the  board  of  experts  apjiointed  to  report 
on  the  improvement  of  the  water  supply  of  the  City  of  Philadelphia. 

The  indications  are  that,  with  a  little  more  popular  education  in 
these  matters,  the  people  will, before  many  years,  demandthe  purifica- 
tion of  all  waters  obtained  from  surface  gathering  grounds,  rivers  or 
lakes. 

The  purification  of  the  sewage  of  large  cities  is  not  always  prac- 
ticable. 80  far  as  safe-guarding  public  health  is  concerned,  it  is 
vastly  more  imjoortant  to  sterilize  all  the  air  we  breathe  than  to  purify 
the  sewage— for  instance,  of  New  York  City.  One  would  be  just  about 
as  feasible,  from  a  financial  point  of  view,  as  the  other.  Probably 
there  are,  at  least,  one  hundred  times  more  deaths  in  the  city  resulting 
from  breathing  impure  air  than  can  possibly  be  traced  to  the  com- 
bined efl'ect  of  the  sewage  of  the  city  and  the  infection  of  water  and 
food  supplies. 

Filtration,  if  properly  j)lanned  and  conducted,  is  the  best  and  most 
satisfactory  way  to  purify  drinking  water,  so  far  as  we  know,  to-day. 
What  the  next  fifty  years  will  bring  forth,  however,  is  beyond  the 
power  of  any  mortal  to  prophesy.  In  the  past  two  decades,  so  many 
of  our  standards  have  been  changed,  and  so  many  useful  scientific 
inventions  have  been  i^erfected,  that  great  advances  are  to  be  expected 
iu  every  field. 

There  may  be  individuals  in  the  next  generation  who  will  live  to 
see  10  000  000  people  resident  in  Greater  New  York.  When  that  time 
arrives  the  water  needed  by  the  population  will  equal  the  present  low- 
water  flow  of  the  Hudson  Eiver  at  Albany — draining  over  8  000  square 
miles  of  country.  The  writer  does  not  believe  that  any  one  now  living 
can  sav  how  that  water  will  be  derived. 
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WHEEL    CONCENTRATIONS    AND    FATIGUE 
FORMULAS   IN   BRIDGE  DESIGN. 

An  Informal  Discussion  at  the  Annual  Convention,  June  27th,  18' 


Subjects  fok  Discussion  : 

"  Should  the  use  of  the  Method  of  Wheel  Concentrations  be  discon- 
tinued in  determining  the  Stresses  in  Railroad  Bridges?" 

"  In  view  of  present  knowledge  of  the  Effect  of  Rejjeated  Applications  of 
Load,  should  Fatigue  Formulas  be  used  in  Bridge  Design?" 

By  Messrs.  Gustav  Lindenthal,  Palmer  C.  Ricketts,  W.  A.  Doane, 
George  S.  Moeison,  W.  L.  Cowles,  E.  M.  Scofield,  Henry  B. 
Seaman,  J.  P.  Snow,  Edwin  Thacher,  J.  A.  L.  Waddell,  O.  E. 
Selby,  Henry  S.  Prichard,  Charles  B.  Wing  and  Edgar  Marburg. 


Gustav  Lindenthal,  M.  Am.  Soc.  C.  E. — The  objection  to  the  Mr.Lindenthai. 
method  of  wheel  concentrations  for  finding  the  strains  in  bridge  mem- 
bers does  not  arise  so  much  from  the  greater  labor  of  calculation,  but 
because  the  assumption  of  wheel  loads  as  resting  on  knife-edges  is  a 
false  and  unnecessary  refinement,  for,  in  any  case,  the  rails  and  ties 
intervening  between  the  wheels  and  the  bridge  structure  distribute 
the  concentrated  loads  upon  the  length  of  the  wheel  base.  It  may  be 
correctly  assumed,  for  the  bridge  structure,  that  the  loads  rest  on 
skids,  instead  of  on  wheels;  the  rails  representing  the  skids.  The 
strains  in  the  floor  and  in  the  trusses  are  thus  more  accurately  found, 
for  the  train  load  plus  the  excess  load  of  the  locomotive,  than  by  the 
method  of  wheel  concentrations,  which  should  be  discontinued. 
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Mr.Lindentlial.  There  are  indications  that  the  growth  of  weight  in  locomotives  will 
soon  come  to  an  end;  it  will  be  determined,  not  by  the  strength  of 
rails,  bridges  or  drawbar  heads,  which  can  be  increased  at  will,  but  by 
the  hardness  of  steel,  in  wheel  tires  and  rails,  necessary  to  resist  the 
wear  and  tear  of  the  heavy  engines.  It  will  reach  the  limit  when  steel 
in  the  railhead  would  be  criished,  or,  if  made  still  harder,  would  be  too 
brittle  for  safety.  It  may  be  fairly  assumed  that  120  tons  on  a  wheel 
base  of  15  ft.  is  the  practicable  and  economic  limit  of  weight  concen- 
tration on  railroad  track .  This  represents  a  quiescent  load  of  16  000 
lbs.  per  lineal  foot,  cori-esponding  to  30  000  lbs.  per  wheel;  or  from 
60  000  to  75  000  lbs.  pressure  per  square  inch  on  the  wheel  tire  and 
rail,  which  is  close  to,  or  exceeding,  the  elastic  limit  of  hard  steel. 

Some  rails  have,  indeed,  been  made  of  hard  nickel  steel,  which 
may  safely  resist  greater  pressures,  but  they  cost  about  double  as 
much  as  ordinary  rails.  They  are  used  only  for  the  outside  of  curves, 
and,  therefore,  do  not  determine  ordinary  service  conditions. 

Fatigue  formulas  in  bridge  designing  made  their  first  apjaearance 
in  American  bridge  specifications  about  fifteen  years  ago,  mostly  in 
the  form  of  the  Laimhardt  and  the  Launhardt-Wey ranch  formulas,  or 
modifications  thereof.  The  previous  practice,  which  is  also  still 
largely  followed  (and  sometimes  combined  with  the  fatigue  formulas) 
consisted  in  the  variations  of  the  unit  stresses  for  different  bridge 
members,  depending  ui^on  their  position  in  the  bridge,  iising  the 
lowest  unit  stresses  in  the  floor  system  and  the  highest  in  the  chord 
members  of  the  trusses.  This  was  done  according  to  the  judgment  of 
the  designing  engineers,  out  of  which  gradually  had  grown  certain 
standards.  The  exploitation  of  the  fatigue  formulas  was  probably 
prompted  by  a  desire  to  bring  the  arbitrary  but  well-founded  stand- 
ards, as  regards  unit  stress,  under  a  unifoi'm  scientific  rule,  although 
that  expectation  was  not  fulfilled. 

As  every  one  knows,  the  formulas  were  deduced  by  Professors 
Launhardt  and  Weyrauch,  who  were  not  themselves  the  experimenters, 
from  certain  tests  for  the  Prussian  Government,  made  by  Wohler  and 
Spangenberg  about  thirty  years  ago,  with  steel  and  iron  bars,  which 
were  subjected  to  rapid  repetitions  and  reversions  of  stress. 

The  formulas  were  regarded  at  the  time  as  examples  of  elegant 
mathematical  reasoning,  and  their  plausibility  won  many  believers. 
Nevertheless,  their  aijplication  to  bridge  designing  is  absurd,  because 
the  conditions  on  which  they  are  based  do  not  obtain  in  bridges.  This 
is  well  recognized  by  Eurojiean  engineers,  who  rarely,  if  ever,  use  them. 

Wohler  strained  his  iron  and  steel  close  up  to  and  over  the  elastic 
limit  at  the  rate  of  5  to  20  repetitions  per  second.  These  conditions 
may  sometimes  occur  in  machinery,  car  axles,  connecting  rods,  rails, 
and  other  like  structures,  where  the  tensional  and  compressional 
strains  are  nearly  always  the  effect  of  sudden  and  long-continued  inter- 
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mittent  forces,  and  complicated  with  bending,  shearing,  or  torsional  Mr.Lindenthal. 
strains.     But,  even  for  them,  the  correctness  of  the  formulas  is  open  to 
serious  question  when  the  stresses  are  kept  far  below  the  elastic  limit. 

Steel  rails,  made  of  80  OQO-lb.  steel,  for  instance,  and  subject  to 
fiber  stresses  from  +  27  000  to  —  27  000,  and  higher,  from  fast  and 
frequent  trains,  are  found  to  be  perfectly  safe.  They  wear  out,  but 
they  do  not  break  down. 

The  strains  in  iron  and  steel  bridges,  however,  are  of  an  entirely 
different  character.  They  are  primarily  static,  and  in  well-designed 
bridges  rarely  exceed  half  the  elastic  limit  of  the  material.  They  are 
not  complicated  with  other  strains,  as  in  machinery  designing;  and, 
moreover,  the  maximum  strains  occur  only  at  long  and  rare  intervals, 
and  in  cumulative  form. 

It  surely  is  not  proven,  that  slow  reiaetitions  and  reversions  of  stress, 
far  within  the  elastic  limit  of  the  steel  and  iron,  affect  in  any  way  their 
durability.  There  is  not  a  single  authentic  fact  or  experiment  known 
to  support  such  a  contention.  Wohler,  who  was  well  qualified  to 
scientifically  interpret  his  own  tests,  never  made  such  a  claim  himself. 

The  values  of  the  Launhardt-Weyrauch  formulas  agree  with 
Wohler's  tests  only  partially,  within  certain  limitations  of  stress.  But 
there  are  no  facts  and  no  tests  to  prove  their  applicability  to  stresses 
one-half  or  one -third  as  low  as  those  which  Wohler  used.  In  the  nature 
of  things,  such  experiments  cannot  be  made.  How  many  thousand  years 
would  it  take  to  subject  a  steel  bar  of  1  sq.  in.  to  reversions  of  stress 
from  12  000  lbs.  in  tension  to  8  000  lbs.  in  compression,  at  the  rate  of 
one  reversion  per  minute,  and  at  intervals  of  one  hour,  before  it  would 
sufi'er  in  strength,  if  it  ever  would?  This  is  assuming,  indeed,  a 
higher  strain,  a  quicker  reversion  and  a  shorter  interval  than  actually 
occur  in  the  chords  of  many  existing  cantilever  and  arch  bridges, 
dimensioned  according  to  fatigue  formulas.  The  waste  of  material 
which  they  imply,  particularly  for  members  subject  to  reversion  of 
stress,  is  not  very  important  for  ordinary  spans;  but  for  long-sjaan 
bridges,  where  the  maximum  strains  occur  only  under  extraordinary 
and  rare  conditions,  it  is  a  very  serious  matter,  as  the  bridge  is 
simjily  loaded  down  with  useless  material,  adding  to  its  cost,  but  not 
to  its  strength  or  durability.  In  the  speaker's  practice  he  has  never 
nsed  them,  being  convinced  that  the  old  English  practice,  also  endorsed 
by  Rankine,  of  sei:)arating  the  strains  from  dead  and  live  load,  and 
determining  the  cross-section  for  both,  by  using  larger  unit  stresses  for 
the  former,  and  smaller  unit  stresses  for  the  live  load,  and  then  adding 
the  results,  is  founded  on  the  most  rational  basis  thus  far  conceived. 
"With  the  great  variations  of  load  conditions  and  material  in  steel 
bridges,  it  is  more  than  doubtful  if  the  judgment,  in  that  respect,  of 
the  experienced  designer  can  ever  be  replaced  in  practice  by  any  one 
or  more  formulas. 
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Mr.  Ricketts.  Palmer  C.  Ricketts,  M.  Am.  Soc.  C.  E. — Some  years  ago,  in  discus- 
sing the  paper  "  Some  Pis imted  Points  in  Railway  Bridge  Designing,"* 
the  speaker  jjredicted  that  the  method  of  wheel  concentrations 
would  be  abandoned  in  a  very  few  years.  It  is  passing  into  disuse, 
and  that  it  has  not  disajjpeared  long  ago  is  to  be  attributed  rather  to 
the  conservatism  than  to  the  common  sense  of  bridge  engineers.  It 
should  be  abandoned,  not  because  the  calculations  consume  more 
time  and  are  more  difficult  than  by  other  methods,  but  because 
the  method  is  unscientific,  and  its  accuracy  is  only  apparent.  It 
is  irrational  and  unscientific  to  obtain  stresses  by  carrying  to  such 
extremes  calculations  which  take  no  account  of  dynamic  effects, 
while  the  actual  errors  in  design  due  to  ignorance  of  dynamic 
efiects  are  j^robably  many  times  greater  than  those  due  to  difierences 
in  methods  of  obtaining  stresses.  In  other  words,  such  calcula- 
tions will  be  unnecessary  refinements  as  long  as  we  have  to  guess 
at  allowed  unit  stresses. 

The  subject  of  fatigue  formiilas  and  their  use  in  bridge  design  was 
so  fully  covered  in  the  paper  "  TheLaunhardt  Formula,  and  Railroad 
Bridge  Specifications,"!  that  it  is  almost  unnecessary  to  discuss  it 
now.  About  80^^  of  those  who  took  part  in  that  discussion  were  of 
the  opinion  that  fatigue  formulas  were  wholly  irrational,  and  for  that 
reason  should  not  be  used. 
Mr.  Doane.  W.  A.  DoANE,  M.  Am.  Soe.  C.  E. — The  stresses  in  the  variotis  jsarts 
of  railway  bridges  can  be  inore  easily  calculated,  and  with  fully  as 
close  an  approach  to  the  strains  which  'will  actually  exist  in  the  structure 
after  completion,  by  using  the  method  of  uniform  live  loads,  rather 
than  by  taking  certain  live  loads,  which  may  not  obtain  with  one  loco- 
motive out  of  ten. 

The  speaker  is,  therefore,  in  favor  of  assuming  uniform  loads  in 
bridge  design,  the  more  so,  perhajas,  since  the  general  advent  of  80-lb. 
or  90-lb.  rails  helps  materially  to  distribute  the  wheel  loads  on  the 
track  stringers,  or  on  the  plate  floor,  as  the  case  may  be. 

Mr.  Morison.  George  S.  Morison,  Past-President,  Am.  Soc.  C.  E. — There  is  one 
idea  which  the  speaker  has  thought  over  for  a  good  many  years.  He 
has  always  felt  that  the  use  of  locomotive  wheel-base  concentration 
was  radically  wrong.  That  it  will  give  results  which  are  not  materially 
bad  is  certainly  true,  but  the  i^rinciple  of  it  seems  to  be  very  far  from 
what  should  be  followed.  It  is,  briefly,  that  we  take  a  piece  of  rolling 
stock  of  special  weights  at  special  distances  and  make  that  a  basis 
for  a  structure  which  we  expect  to  last  50  years,  and  which  jirobably 
will  last  25;  and  yet  that  same  locomotive  will  be  superseded  in  2i 
years. 

*By  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  Transactions,  Am.  Soc.  O.  E.,  Vol.  xxvi, 
p.  77. 

t  By  Henry  B.  Seaman,  M.  Am.  Soc.  C.  E.,  Transactions,  Am.  Soc.  C.  E.,  Vol.  xli, 
p.  140. 
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The  original  idea  lias  been  somewhat  improved  by  using  typical  Mr.  Morison. 
locomotives.  The  specifications  of  20  or  25  years  ago  contained  loco- 
motives with  the  weight  on  the  wheels  carried  down  to  the  nearest 
10  lbs.,  and  the  distances  between  wheels  given  to  the  nearest  inch — 
the  sjjeaker  thinks  that  some  of  them  went  to  fractious,  but  trusts 
that  this  was  not  really  the  case.  The  speaker  has  felt  that  this  was 
entirely  wrong,  and  a  good  many  years  ago  he  adopted  a  method 
which  he  has  always  used  in  drawing  his  specifications,  and  which  he 
still  thinks  gives  better  results  than  any  system  of  wheel-base  loads. 

There  is  one  feature  of  the  wheel-base  load  which,  if  drawn  out 
on  a  diagram,  shows  its  defects.  It  does  not  give  a  uniform  line 
gradually  progressing  for  the  varying  length  of  spans,  etc.,  but  a  line 
of  slight  imdiilations.  Now,  those  undulations  ought,  in  some  way, 
to  be  eliminated,  and  something  should  be  obtained  which  would 
give  a  gradual  rate  of  progression  from  a  very  short  sjjan  up  to  a  span 
of  such  length  that  a  uniform  load  can  be  taken  throughout.  There 
are  really  four  different  things  to  be  provided  in  selecting  the  loads 
for  which  railroad  bridges  are  to  be  proportioned.  They  are:  (1)  a 
heavy  wheel-base  load;  (2)  a  moderate  load  for  greater  lengths;  (3)  a 
gradual  transition  from  the  heavy  wheel-base  load  down  (if  measured 
by  weight)  or  up  (if  measured  by  length)  to  the  lighter  uniform  load ;  (4) 
provision  for  an  excess  in  those  members  most  affected  by  moving  loads. 

To  these,  perhaps,  one  other  should  be  added.  It  is  simj)ly  the 
provision  that  for  extremely  short  spans,  those  less  than  wheel-base 
loads,  provision  should  be  made  for  an  excessive  concentration,  and 
that  load  ought  to  be  very  excessive;  it  has  been  the  speaker's 
practice  to  consider  that  it  was  possible  that  the  whole  20  wheel- 
base  loads  could  be  concentrated  on  two  axles,  or,  perhaps  more 
properly,  that  half  of  it  could  be  concentrated  on  one  axle. 

It  has  also  seemed  expedient  to  have  these  provisions  governed  by 
coefficients  rather  than  by  absolute  amounts,  and  to  adapt  different 
structures  to  loading  of  different  weights,  by  varying  the  unit  load  to 
which  the  coefficients  are  apjilied. 

In  other  words,  there  should  be  a  table  of  coefficients,  or  a  rule  for 
determining  the  coefficient,  for  each  length  of  span.  Bridges  should  be 
classified  for  the  duty  they  have  to  perform,  and,  by  applying  those 
coefficients  to  the  unit  weight,  the  weight  which  is  to  be  used  in 
calculating  every  length  of  span  could  be  ascertained  at  once. 

Following  this  general  idea,  the  speaker  adoj^ted,  and  this  was 
done  about  1882,  20  ft.  as  the  wheel-base  length  and  120  ft.  as  the 
length  of  two  locomotives.  He  then  adopted,  as  the  uniform  load  for 
120  ft.  and  all  greater  lengths,  a  weight  per  lineal  foot  varying  from 
2  000  to  4  000  lbs. ,  according  to  the  class  of  the  structure.  On  the 
wheel-base  length  of  20  ft.  this  unit  load  was  doubled.  The  transition 
was  ett'ected  by  adding  1%  to  the  uniform  load  for  each  foot  of  length 
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of  structure  less  than  120  ft.,  tliis  increase  becoming  100^  at  the 
wheel-base  length  of  20  ft.  Impact  and  irregular  strains  must  be 
provided  for  chiefly  in  those  members  in  which  variations  are  rapid 
and  reversals  are  liable  to  occur,  that  is,  in  the  counter  members  of 
the  web,  and  to  a  varying  extent  in  the  main  members  of  the  web. 
This  extra  provision  was  then  made  by  considering  what  portion  of 
the  strain  in  any  web  member  would  exist  under  a  load  equal  in 
intensity  to  the  moving  load,  but  uniform  throughout  the  span. 
Deducting  this  from  the  maximum  strain  in  such  member  left  a 
remainder  which  varied  from  nothing  at  the  end  of  the  span  to  the  full 
counter  strain  at  the  center,  and  which  might  be  called  the  variable 
effect.  This  variable  effect  was  then  estimated  on  a  basis  of  li  times 
the  regular  moving  load,  and  gave  results  which,  from  their  uniform 
increase  from  the  ends  to  the  center  and  their  general  character,  seemed 
to  conform  with  the  proper  ideas  of  j)roj)ortioning  a  structure. 

On  this  basis,  nearly  every  bridge  the  speaker  has  built  for  the  last 
16  years  has  been  designed.  There  are,  however,  some  defects.  If 
applied  on  the  basis  of  the  length  of  the  span,  the  load  for  the  shearing 
strains  is  too  low;  if  applied  on  the  basis  of  half  the  length  of  the 
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span  the  load  for  the  shearing  strains  is  unnecessarily  high.  It  also 
gives  excessive  results  for  lengths  of  span  midway  between  20  and 
120  ft. ;  that  is,  the  transition  is  made  on  a  straight  line  from  20  to 
120  ft. ,  and  it  should  be  made  on  a  curve.  This  objection  has  led  to 
the  study  of  a  modification  of  this  general  scheme  which  will  be  shown 
in  the  following  jjages. 

The  calculations  as  given  are  applied  to  only  one  unit  weight  of 
train,  and  this  has  been  taken  at  5  000  lbs.  per  lineal  foot,  which  is 
believed  to  be  the  highest  unit  weight  now  in  use.  The  result,  how- 
ever, as  obtained,  is  a  series  of  coeflBcients  which  can  be  aj^plied  to 
any  unit  weight,  which  unit  weight  would  probably,  under  present 
practice,  be  made  to  vary  from  3  000  to  5  000  lbs. 

Take  as  an  illustration  of  a  standard  typical  locomotive  Fig.  1, 
used  in  a  recent  pajjer  in  the  Transactions  of  this  Society.  *  This  engine 
measures  57  ft.  between  corresponding  ijoints,  when  coupled  up  in  a 
train  of  locomotives.  The  total  weight  is  276  000  lbs.  This  weight 
has  been  materially  exceeded  by  recent  engines,  the  two  heaviest 
reported  being  a  consolidation  pusher  on  the  Lehigh  Valley  Railroad, 
Transactions,  Am.  Soc.  C.  E.,  Vol.  xli,  p.  140. 
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and  a  consolidation  engine  running  on  the  Union  Kailway  of  Pitts-  Mr.  Morison. 
burg,  full  descriptions  of  both  of  whicli  have  been  given  in  several  of 
the  technical  papers.  The  length  is  somewhat  less  than  that  of  the 
modern  consolidation  engine,  which  is  usually  somewhat  over  60  ft., 
the  total  length  of  the  Lehigh  Valley  engine  being  62  ft.,  and  that  of 
the  Union  Railway  engine  exceeding  65  ft. 

For  jaurposes  of  simplicity  it  would  seem  advisable  to  adopt  an 
engine  60  ft.  long  and  to  avoid  the  odd  weight  on  the  truck  wheels  and 
irregular  distances  between  wheel  bearings.  These  conditions  are 
met  by  the  engine  shown  in  Fig.  2. 
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Fig.  2. 


It  will  be  observed  that  the  only  changes  from  the  engine  shown  in 
Fig.  1  are  the  addition  of  4  000  lbs.  to  the  truck  wheel,  an  addition 
of  2  ft.  to  the  distance  between  the  truck  axle  and  the  forward  driving 
axle  and  the  reduction  of  1  ft.  between  the  two  central  tender  axles. 
This  engine  is  (50  ft.  long.  It  weighs  280  000  lbs.,  4  000  lbs.  more  than 
the  other.  Every  one  of  the  weights  is  divisible  by  4  000  and  every 
distance  is  a  multiple  of  5;  and  yet  the  strains  from  this  engine  would 
differ  so  little  from  those  of  the  engine  shown  in  Fig.  1  that  they 
would  not  be  noticed  in  any  structure  that  would  be  built. 


The  distance  between  the  center  of  gravity  of  the  driving  wheels 
and  the  center  of  gravity  of  all  other  wheels  is  28.5  ft.  A  change  in 
this  dimension  of  1.5  ft.  would  produce  an  engine  in  which  the  distance 
from  the  center  of  gravity  of  the  four  pairs  of  driving  wheels  to  the 
center  of  gravity  of  all  other  wheels  is  half  the  length  of  the  engine. 
It  will  be  observed  that  the  truck  wheels  and  tender  wheels  are  taken 
together  in  determining  the  center  of  gravity.  As  the  weight  carried 
on  the  truck  is  largely  a  matter  of  adjustment,  it  seems  wise  to  elim- 
inate the  truck  wheels  in  a  typical  engine  and  to  add  their  weight  to 
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Moiison.  the  driving  wheels.  If  these  changes  are  made  and  the  total  weight 
of  the  engine  is  increased  to  300  000  lbs.,  or  5  000  lbs.  per  foot,  the 
result  is  the  typical  engine  shown  in  Fig.  3.  This  engine  does  not  differ 
materially  from  that  shown  in  Fig.  4  in  any  of  its  effects  on  a  bridge. 

Fig.  3  is  an  exceedingly  simple  engine  so  far  as  its  weight  on  the 
tracks  is  concerned.  On  each  of  the  four  driving  axles  is  a  weight  of 
50  000  lbs.  On  each  of  the  four  tender  axles  is  a  weight  of  25  000  lbs. , 
or  just  half  that  of  the  driving  axles;  the  center  of  gravity  of  one  set  of 
wheels  is  just  30  ft.  from  the  center  of  gravity  of  the  other  set  of 
wheels,  and  every  distance  is  a  multiple  of  5. 


C.G.  C.G. 

Fig.  4. 

Now,  this  engine  does  not  diflfer  materially,  in  any  of  its  effects  on  a 
bridge,  from  the  engine  shown  in  Fig.  4,  which  is  a  ten-wheel  coupled 
locomotive  with  a  tender  also  having  ten  wheels.  Fig.  4  is  a  peculiar 
engine,  which  has  been  somewhat  used,  biit  it  is  i^ut  in  here  simply 
because,  though  the  nominal  wheel  base  is  a  little  more,  the  actual 
wheel  base  is  j^ractically  the  same,  and  in  the  effects  of  the  two  engines 
on  a  bridge  hardly  any  difference  can  be  found. 

These  engines  do  not  represent  any  now  running,  but  are  typical 
engines  for  use  in  calculation,  and  producing  more  excessive  effects 
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.^ 

^ 
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_: 
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C.G.  C.G. 

Fig.  5. 
than  engines  of  the  same  weight  built  on  any  of  the  standard  lines. 
Furthermore,  they  are  engines  of  such  form  that  they  can  be  used  very 
easily  in  all  calculations. 

It  will  be  observed  that  the  weight  on  the  driving  wheels  is  exactly 
double  that  on  the  other  wheels,  that  the  two  sets  of  wheels  are 
arranged  in  precisely  the  same  way  around  their  centers  of  gravity,  and 
that  the  distance  between  the  two  centers  of  gravity,  is  half  the  length 
of  the  locomotive,  or  30  ft. 

If  we  substitute  for  the  specially  applied  wheel  load,  a  uniform 
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Mr.  Morison.  load  of  equal  intensity,  of  a  length,  equal  to  the  number  of  wheels  mul- 
tiplied by  the  distance  between  their  centers,  we  have  the  results 
shown  in  Fig.  5. 

This  loading  will  also  rei^resent  passenger  locomotives  of  rather 
extraordinary  dimensions.  For  instance,  the  engine  wheel-base  load  of 
200  000  may  be  considered  as  representing  a  locomotive  with  four  driv- 
ing wheels  and  50  000  lbs.  on  each  driving  wheel;  while  it  is  to  be  hoped 
that  no  such  locomotive  will  ever  be  built,  pressures  of  approximately 
50  000  lbs.  per  wheel  now  exist  in  badly  counterbalanced  engines  when 
running  at  excessive  sj^eeds.  That  is  a  thing  which  bridge  siaecifications 
have  never  taken  into  consideration,  and  which  throws  all  the  ordinary 
refinements  of  wheel-base  loads  out  of  gear.  These  strains,  howevei', 
do  not  exist  on  all  four  wheels  at  the  same  time;  their  influence  is  felt 
on  single  stringers  of  short  lengths,  but  not  on  complete  spans. 

In  order  to  show  how  closely  this  typical  loading  agrees  with  the 
several  locomotives,  Fig.  6  has  been  i^repared,  and  shows  the  bending 
moments  under  the  several  conditions.  This  drawing  is  taken  on  the 
basis  of  a  60-ft.  span  with  the  center  of  the  driving-wheel  base  placed 
at  the  center  of  the  span.  The  moments  of  the  five  diiferent  engines 
and  loadings  which  we  have  been  considering  are  drawn  to  scale. 

Taking  a  moving  load  composed  of  a  continuous  train  of  thetyj^ical 
"_D"  loading  (Fig.  5)  as  a  basis  of  calctilation,  Table  No.  1  shows  the 
maximum  shearing  strains  at  the  end  of  the  several  spans  named  under 
such  moving  load,  the  lengths  of  span  varying  by  20  ft. 

TABLE   No.  1. 


Length  of  span.    Feet. 

a 

End  shear  by  typical 

load. 

b 

End  shear  by  uniform 

load  (5  000  lbs.  per 

linear  foot). 

a~b 
Coefficients. 

30 

100  000 

156  350 

200  000 

2.50  000 

302  500 

350  000 

400  000 

451  563 

500  000 

5.50  000 

601  136 

650  000 

700  000 

750  893 

800  000 

850  000 

900  735 

9.50  000 

1  000  000 

1  050  625 

1  100  000 

1  150  000 

1  200  543 

1  250  000 

1  300  000 

50  000 

100  000 

150  000 

200  000 

250  000 

300  000 

350  000 

400  000 

450  000 

500  000 

550  000 

600  000 

650  000 

700  000 

750  000 

800  000 

850  000 

900  000 

950  000 

1  000  000 

1  050  000 

1  100  000 

1  150  000 

1  200  000 

1  350  000 

3.000 

40 

1  563 

60 

1  333 

1.250 

100 

1.210 

120 

1  167 

140 

1  143 

160 

1.129 

180 

1.111 

200 

1  100 

1.093 

240 ■■■■ 

1.083 

260 

1.077 

280 

1  073 

300 

1.067 

320 

340 

1  059 

360 

1.056 

380 

1.053 

400 

1.051 

420.... 

1  048 

440. 

1  045 

460 

480 

1  042 

500. . . . 

1  040 
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In  the  same  way  the  bending  moments  in  the  center  of  the  span  Mr.  Morison. 
are  given  in  Table  No.  2. 

TABLE   No.  2. 


Length  of  Span.    Feet. 

a 
Moment  by  typical 

b 

Moment  by  uniform 

load  (5  000  lbs.  per 

linear  foot}. 

Coefficients. 

20 

500  000 

1  500  000 

2  750  000 
4  500  000 
6  500  000 
9  000  000 

12  500  000 
16  500  000 
20  750  000 
25  500  000 
30  500  000 
36  000  000 
42  500  000 
49  500  000 
56  750  000 
64  500  000 
72  500  000 
81  000  000 
90  500  000 
100  500  000 
110  750  000 
121  500  000 
132  500  000 
144  000  000 
156  500  000 

250  000 

1  COO  000 

2  250  000 
4  000  000 
6  250  000 
9  000  000 

12  250  000 
16  000  000 
20  250  000 
25  000  000 
30  250  000 
36  000  000 
42  250  000 
49  000  000 
56  250  000 
64  OOO  OUO 
72  250  000 
81  000  000 
90  250  000 
100  000  000 
110  250  000 
121  000  000 
132  250  000 
144  000  000 
156  250  000 

2.000 

40 

1.500 

60  ...                               .     ..   . 

1.222 

80 

1.125 

100 

1.010 

120                                             .    . 

1.000 

140 

1.025 

160 

1.031 

180. 

1.025 

200 

220 

1.008 

240 

1.000 

;360 

1.006 

280 

1.010 

300 

1.009 

320 

1.008 

340 

1.003 

360                 .   . 

1.000 

380 

1  003 

400 

1 .005 

420 

1.0045 

440 

1  004 

460 

1.002 

480 

1.000 

500 

1.002 

These  calculations  are  based  on  a  train  consisting  entirely  of 
locomotives,  and  such  trains  are  not  run.  Approximations  to  such 
trains  are  found,  however,  in  mineral  traffic,  in  cars  of  special  char- 
acter. A  car  designed  and  built  by  the  Goodwin  Patent  Gravity 
Dumping  Car  Company  weighs  42  000  lbs.,  and  is  designed  to  carry 
125  000  lbs.  of  ore,  making  a  total  weight  of  167  000  lbs.  on  a  length  a 
trifle  less  than  36  ft.,  or  very  nearly  5  000  lbs.  jaer  foot.  In  mineral 
districts  it  would  seem  expedient  to  proportion  bridges  for  weights 
equivalent  to  trains  composed  entirely  of  locomotives.  In  other 
districts  it  may  be  expedient  to  provide  for  only  two  locomotives  and 
to  reduce  the  weight  of  the  following  train  to  something  less  than  the 
locomotive  load.  If  this  reduction  is  arbitrarily  taken  at  25%,  the 
train  load  per  foot  will  be  three-quarters  of  the  locomotive  load  per 
foot.  It  seems  right  to  apply  this  correction  in  the  form  of  a  reduc- 
tion from  a  uniform  load  rather  than  fo  make  the  locomotive  an  addi- 
tion to  it.  On  this  basis  Tables  Nos.  3  and  4  have  been  calculated, 
Table  No.  3  showing  the  maximum  shearing  strain  at  the  ends  and 
Table  No.  4  the  maximum  bending  moments  at  the  centers  of  spans, 
caused  by  a  train  consisting  of  two  locomotives  followed  by  a  uniform 
load  of  three-quarters  of  the  average  weight  of  the  locomotives.  It 
will  be  observed  that  these  two  tables  are  identical  mth  the  foregoing 
tables  for  all  lengths  under  120  ft. 
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TABLE  No.  3. 


Length  of  span.    Feet. 

a 

End  shear  by  typical 

load. 

b 

End  shear  by  uniform 

load  (5  000  lbs.  per 

lineal  foot). 

Coefficients. 

20 

100  000 
156  250 
200  000 
250  000 
302  500 
350  390 
394  075 
436  230 
477  345 
517  734 
557  590 
596  860 
636  238 
675  165 
713  905 
752  500 
791  000 
829  400 
867  555 
905  740 
943  860 
981  925 
1  019  940 
1  057  910 
1  095  840 

50  000 

100  000 

150  000 

200  000 

250  000 

300  000 

350  000 

400  000 

450  000 

500  000 

550  000 

600  000 

650  000 

700  000 

750  000 

800  000 

850  000 

900  000 

950  000 

1  000  000 

1  050  000 

1  100  000 

1  150  000 

1  200  000 

1  250  000 

2.000 

40                                   

1.563 

60 

80  

1.350 

100                                 

1.210 

120 

1.168 

140 

1.126 

160                       

1.090 

180 

1.061 

300 

1.035 

220            

1.014 

240 

0.994 

260 

0.979 

280            .             

0.964 

300 

0.952 

0.941 

340            

0.931 

360 

0.921 

0.913 

400            

0.906 

420 

440 

0  893 

460 

0.889 

480                     

0.883 

500 

0.877 

TABLE   No.  4. 


Length  of  span.    Feet. 

a 

Moment  by  typical 

load. 

b 

Moment  by  uniform 

load  (5  000  lbs.  per 

lineal  foot). 

a^b 
Coefficients. 

20 

500  000 

1  500  000 

2  750  000 
4  500  000 
6  .523  437 
9  037  500 

12  260  187 
15  718  750 
19  413  437 
23  336  250 
27  490  234 
31  875  000 
36  240  230 
41  583  435 
46  837  500 
52  500  000 
58  687  500 
65  250  000 
72  187  500 
79  500  000 
87  185  500 
95  250  000 
103  687  500 
112  500  000 
121  687  500 

250  000 

1  000  000 

2  350  000 
4  000  000 
6  250  000 
9  000  000 

12  350  000 
16  000  000 
20  250  000 
25  000  000 
30  250  000 
36  000  000 
42  250  000 
49  000  000 
56  250  000 
64  000  000 
73  350  000 
81  000  000 
90  250  000 
100  000  000 
110  250  000 
121  000  000 
133  350  000 
144  000  000 
156  350  000 

3.000 

40                      

1.500 

60 

1.323 

80 

1.135 

100             

1.044 

120 

1.004 

140 

1.001 

160  

0.983 

180 

0.959 

200 

0.933 

220 

0.909 

240                     

0.885 

260 

0.858 

280 

0.849 

300  

320 

0.820 

340 

0.812 

360 

0.805 

380                     

0.80O 

400 

0.795 

420 

0.791 

440  .           

0.787 

460                                   ... 

0.784 

480 

0.781 

500  

0.779 

The  coeflScients  of  the  four  tables  have  been  plotted  in  Fig.  7. 
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Mr.  Morison.  If  these  coefficients  have  to  be  calculated  for  every  position  of 
loading,  there  is  no  advantage  in  their  use;  furthermore,  the  coefficients 
of  Table  No.  2  show  a  series  of  maxima  and  minima  which  ought  to  be 
eliminated.  To  obviate  these  difficulties  a  few  simple  rules  are 
proposed  for  fixing  coefficients  for  every  length  of  span;  the  coeffi- 
cients, as  determined  by  these  rules  will,  in  almost  all  cases,  be 
slightly  in  excess  of  the  calculated  coefficients.  The  coefficients,  as 
determined  by  these  rules,  are  jjlotted  as  full  lines  in  Fig.  7. 

Bide  1. — Bending  Moments.  Uniform  Locomotive  Load. — Coefficient 
for  220  ft.,  and  all  greater  spans,  1.  Increase  this  coefficient  by 
one-tenth  of  1%  (0.001),  for  each  foot  of  decrease  of  length  down  to  120 
ft.,  making  the  coefficient  for  120  ft.,  1.10.  Increase  this  by  one-third 
of  1%  (0.0033),  for  each  foot  down  to  60  ft.,  making  the  coefficient  for 
60  ft.,  1.3.  Increase  by  1.75%  (0.0175),  for  each  foot  down  to  20  ft., 
making  the  coefficient  for  20  ft. ,  2. 

Rule  2. — Bending  Mometits.  Two  Locomotives  Folloiced  hy  Train. — 
Coefficient  for  360  ft.  and  all  greater  spans,  0.8.  Increase  this  coeffi- 
cient by  one-eighth  of  \%  (0.00125),  for  each  foot  of  decrease  of  length 
down  to  120  ft.,  making  the  coefficient  for  120  ft.,  1.1.  Increase 
by  one-third  of  \%  (0.0033),  for  each  foot  down  to  60  ft.,  making  the 
coefficient  for  60  ft.,  1.3.  Increase  by  1.75%  (0.0175),  for  each  foot 
down  to  20  ft. ,  making  the  coefficient  for  20  ft. ,  2. 

Rule  3. — Shearing  Strains.  Uniform  Locomotive  Load. — Coefficient 
for  420  ft.  and  all  greater  spans,  1.05.  Increase  this  coefficient  by  one- 
fortieth  of  1%  (0.00025),  for  each  foot  of  decrease  of  length  down  to  220 
ft.,  making  the  coefficient  for  220  ft.,  1.1.  Increase  by  one-tenth  of  1% 
(0.001),  for  each  foot  down  to  120  ft. , making  the  coefficient  for  120  ft. ,  1. 2. 
Increase  by  one-sixth  of  1%  (0.00167),  for  each  foot  down  to  60  ft., 
making  the  coefficient  for  60  ft.,  1.3.  Increase  by  ^.lb%  (0.0175),  for 
each  foot  down  to  20  ft.,  making  the  coefficient  for  20  ft.,  2. 

Rule  4. — Shearing  Strains.  Tiro  Locomotives  in  Train  Load.  —Coeffi- 
cient for  360  ft.  and  all  greater  spans,  0.9.  Increase  this  coefficient  by 
one-eighth  of  1%  (0.00125),  for  each  foot  of  decrease  of  length  down  to 
120  ft.,  making  the  coefficient  for  120  ft.,  1.2.  Increase  by  one-sixth 
of  1%  (0.(J0167),  for  each  foot  down  to  60  ft.,  making  the  coefficient  for 
60  ft.,  1.3.  Increase  by  1.75%  (0.0175),  for  each  foot  down  to  20  ft., 
making  the  coefficient  for  20  ft. ,  2. 

These  rules  are  designed  principally  as  a  means  of  carrying  easily  and 
in  compact  shape  these  coefficients  so  that  they  can  be  handled  quickly, 
without  tabulation.  A  V:)etter  method,  however,  would  be  to  draw  a  curve 
governed  by  the  different  i^oints  which  are  used  in  the  calculations,  and 
then  determine  the  coefficient  for  each  foot  of  length  from  that  curve. 
The  sjjeaker  has  endeavored  to  find  some  curve,  with  a  simj^le  formula, 
which  might  be  used  in  this  way,  but,  so  far,  he  has  not  succeeded. 
Perhaps  some  other  member  of  the  Society  may  be  more  fortunate. 
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W.  L.  Cow-LEs,  M.  Am.  Soc.  C.  E. — The  admirable  paper  entitled  Mr.  Cowles. 
"General  Criterion  for  Position  of  Loads  causing  Maximum  Stress 
in  any  Member  of  a  Bridge  Truss,*  "  presented  by  L.  M.  Hoskins,  Esq., 
affords  an  interesting  mathematical  treatment  of  the  problem,  and  is  a 
valuable  contribution  to  the  theoretical  literature  on  this  subject. 

The  speaker  desires,  however,  at  the  present  time,  to  discuss 
briefly  the  necessity  for  finding  this  position,  rather  than  the  method 
of  accomplishing  the  object. 

Such  a  discussion  naturally  merges  with  the  discussion  of  concen- 
trated versus  uniform  loads,  for  the  main  object  to  be  finally  attained 
is  the  determination  of  the  maximum  stresses  produced  in  the 
members  of  a  truss  by  the  application  of  a  load  within  a  satisfactory 
degree  of  accuracy  and  with  the  least  labor  on  the  part  of  the 
computer. 

It  must  be  conceded  that  a  bridge  is  rarely  loaded  with  the  exact 
load  for  which  it  is  designed,  and  in  fixing  upon  the  load  to  be  used 
in  making  the  calculations  it  is  the  object  of  the  engineer  to  specify 
such  a  load,  either  uniform  or  composed  of  concentrated  wheel-loads, 
as  will  ijroduce  stresses  at  least  equal  to,  and  preferably  somewhat 
greater  than  will  ever  be  reached  in  common  practice,  making  due 
allowance  for  any  j^robable  increase  in  loading  in  the  future.  This 
being  the  case,  it  follows  that  extreme  accuracy  in  the  calculations  is 
not  essential,  and,  given  a  satisfactory  degree  thereof,  the  j^roblem 
reduces  to  a  determination  of  the  simplest  means  of  arriving  at  the 
results  sought. 

For  ease  and  quickness  of  computation  it  is  beyond  doubt  that  a 
uniform  load  is  preferable,  and  the  speaker  is  in  favor  of  the  adoption 
of  such  loads,  if  railroad  engineers  can  be  induced  to  specify  them 
when  reqixesting  propositions  for  bridge  work.  Notwithstanding, 
however,  the  extended  discussion  of  this  subject  by  the  members  of 
this  Society,  and  the  offers  which  have  been  made  of  tables  indicating 
equivalent  loads,  a  comparison  of  the  bridge  si^ecifications  of  the 
railroads  of  the  United  States  proves  that,  with  a  very  few  exceptions, 
the  engineers  of  these  roads  still  prefer  to  specify  a  loading  consisting 
of  a  series  of  concentrated  loads  representing  typical  locomotives 
followed  by  a  uniform  train  load,  and,  in  the  computing  department 
of  a  bridge  works,  it  becomes  necessary  to  take  things  as  they  are 
rather  than  as  they  might  be. 

It  becomes,  then,  an  important  matter  to  determine  the  simplest 
manner  of  preijarmg  the  stress  sheet,  and  especially  within  what  limits 
it  is  necessary  to  determine  the  special  position  of  the  load  which  will 
produce  in  each  member  the  maximum  stress.  With  this  object  in 
view,  the  speaker  has  prejiared  comparative  stress  sheets  for  spans  of 
125,  150,  175,  200  and  300  ft.,  based  upon  loading  "  £'40"  of  Cooper's 
*  Proceedings,  Am.  Soc.  C.  E.,  March,  1899. 
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Mr.  Cowles.  Siiecifications,  the  stresses  being  computed  by  five  diiferent  methods, 
and  has  tabulated  the  results  showing  the  differences  arising  from  the 
use  of  the  respective  methods  (Table  No.  5).  The  basis  of  the 
comparison  is  Method  A,  in  which  the  position  of  the  load  is  shifted, 
in  accordance  with  the  formulas  of  the  author,  -so  as  to  produce  the 
maximum  stress  in  each  member.  Method  B  is  based  upon  the  use  of 
a  fixed  series  of  panel  loads  headed  by  the  maximum  floor-beam 
concentration,  progressing  on  the  bridge  a  panel  at  a  time  for  svic- 
cessive  shears,  and  covering  the  entire  bridge  for  all  chord  moments. 

The  efiect  of  the  small  i3anel  load  in  advance  of  the  maximum  head 
load  is  disregarded.  Method  Cis  based  upon  a  uniform  load  which 
will  i^roduce  the  same  end  shear  as  Method  A.  Method  D  is  based 
upon  a  uniform  load  which  will  produce  the  same  moment  at  the 
center  as  Method  A.  Method  £J  is  based  upon  a  uniform  load  equal 
to  the  following  train  load  with  two  additional  concentrated  loads, 
two  panel  lengths  assart,  which  will  produce  the  same  end  shear  as 
Method  A.  The  quantities  given  are  in  thousands  of  pounds,  and 
represent  shears  not  multiplied  by  the  secant  in  the  case  of  web 
members,  and  chord  stresses  for  a  depth  equal  to  a  panel  length,  that 
is,  not  multiplied  by  the  tangent.  A  uniform  panel  length  of  25  ft. 
was  adopted. 

The  allowable  limit  of  variance  from  the  strictly  correct  stresses 
■which  may  be  pei'mitted  for  the  sake  of  simplifying  the  computation 
is  two-fold:  First,  the  percentage  of  deficiency  in  any  member  must 
not  exceed  a  certain  amount;  second,  the  percentage  of  excess  in  the 
total  weight  of  the  structure  must  not  exceed  a  certain  amount,  and 
that  assumption,  for  an  equivalent  load  which  will  result  in  the 
smallest  jiercentages  of  variance  and  at  the  same  time  aff"ord  a  simple 
means  of  preparing  the  stress  sheet,  is  the  one  which  will  naturally  be 
selected.  An  insiDection  of  the  table  will  show  clearly  the  limit  of 
variance  involved  in  each  of  these  methods,  but  in  general  it  may  be 
stated  that  Method  B  gives  the  smallest  percentages,  taking  both 
considerations  into  account.  That  is,  while  Method  C  avoids  deficient 
stresses  in  the  most  important  members,  it  requires  a  larger  excess  of 
total  material;  while  Method  D  results  in  a  reduction  of  total  weight, 
the  deficiencies  in  stresses  are  large;  and  while  Method  £" avoids  all 
deficiencies  in  stresses,  the  excess  of  total  weight  is  even  greater  than 
for  Method  C.  The  maximiim  deficiency  in  stress  resulting  from  the 
use  of  Method  jB  is,  for  a  150-ft.  span,  nothing;  for  al75-ft.  span,  0.1  of 
l%';fora  200-ft.  span,  2.1%  in  one  member  only;  for  a  300-ft.  span, 1.8^; 
while  the  excess  of  total  weight  is,  for  the  same  spans,  respectively, 
0.8,  0.7,  0.4  of  1%  and  less  than  0.1  of  1  per  cent. 

The  permissible  limit  of  variance  is  a  matter  which  each  engineer 
w411  fix  for  himself  in  accordance  with  his  own  sense  of  projiriety,  but 
it  seems  to  the  speaker  that  the  percentages  mentioned  for  Method   B 
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are  not  excessive,  when  it  is  considered  that  the  assumed  load  itself  Mr.  Cowl 
should  be  greater  than  the  probable  actual  load  by  a  margin  at  least 
as  great  as  the  largest  of  these  percentages.  It  will  be  remembered 
also  that,  in  the  case  of  a  new  specification  coming  into  a  computer's 
hands,  the  work  involved  in  Method  B  or  its  equivalent,  must  first  be 
done  in  order  to  determine  the  uniform  load  which  may  be  used  in 
Methods  C,  D  or  E,  and  it  is  to  be  noted  that  still  another  uniform 
load  must  be  determined  for  the  floor-beam  moment  and  the  stress  on 
the  hip  vertical.  It  may  be  stated  here  that  in  determining  the 
percentage  of  excess  weight  for  Methods  C  and  D  it  was  assumed  that 
the  stress  on  the  hip  vertical  given  in  the  table  would  not  be  used,  but 
that  this  member  would  be  brought  up  to  proper  size  as  just 
suggested.  The  calculation  for  stringers  would,  of  course,  be  the 
same  for  each  method. 

If  the  engine  excess  for  Method  E  be  determined  by  taking  the 
diflference  between  the  actual  engine  weight  and  the  weight  of  a  section 
of  the  following  load  equal  in  length  to  the  length  of  the  engine,  the 
resulting  stresses  and  the  excess  weight  will  be  even  greater  than  given 
in  the  table. 

In  case  a  certain  specification  is  likely  to  be  used  frequently,  and  a 
method  of  uniform  load  is  preferred,  it  is  naturally  advantageous  to 
prepare  a  series  of  uniform  loads,  corresj^onding  to  diflerent  lengths 
of  spans,  for  use  in  computations;  audit  cannot  be  contended  that 
this  will  not  effect  a  saving  in  time  after  the  series  is  once  prepared, 
but  the  amount  of  this  saving  is,  in  the  opinion  of  the  speaker,  much 
overestimated  in  discussing  the  relative  merits  of  the  different 
methods.  An  important  factor  affecting  the  simplicity  of  a  computa- 
tion is  the  orderly  and  systematic  arrangement  of  the  mathematical 
work,  and  in  this  matter  each  engineer  will  adopt  such  a  system  as  to 
him  will  seem  the  quickest  and  easiest  to  obtain  the  desired  result. 
The  speaker  has  been  accustomed  to  using  Method  B,  and  the  system 
adopted  by  him,  which  is  doubtless  used  by  others,  affords  a  reason- 
ably quick  process  and  one  which  compares  favorably  with  the  method 
of  uniform  loads.  He  noted  recently  the  time  occupied  in  making 
the  computations  for  the  truss  members  of  a  300-ft.  span  with  hori- 
zontal top  chord  and  having  13  panels,  giving  odd  panel  lengths. 
The  load  used  was  "  Cooper's  E  40."  Having  first  determined  the 
panel  length,  which  must  be  done  in  any  case,  the  panel  loads  were 
determined  in  17  minutes  and  the  complete  shears  and  moments,  ready 
for  multiplying  by  secant  and  tangent,  in  18  minutes  more,  or  35 
minutes  in  all. 

There  does  not  seem  to  be  much  room  here  for  saving  in  time  by 
the  use  of  another  method,  even  if  the  equivalent  uniform  or  excess 
loads  have  already  been  determined. 

There  is  nothing  new  claimed  for  this  method;  in  fact  it  may  be 
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Mr.  Cowles.  called   old-fashioned,    but  this    comparison    indicates    that   it  gives 
reasonably  close  results  and  is  not  laborious  or  slow. 

The  speaker  has  not  had  time  to  make  similar  comparisons  lor 
subdivided  or  curved  top  trusses,  but  has  no  reason  to  suspect  that 
the  limits  of  variance  would  be  any  greater  in  these  cases  than  in  those 
investigated,  and  he  therefore  feels  confident  that,  while  railroad 
engineers  retain  a  preference  for  a  type  of  loading  which  they  can 
compare  readily  with  actual  engines  in  use  on  their  lines,  satisfactory 
stress  sheets  may  be  prepared  without  undue  expenditure  of  time  and 
labor.  He  will,  however,  welcome  such  a  change  of  attitude,  on  the 
part  of  these  engineers,  as  will  result  in  a  reduction  in  the  number  of 
varying  loadings  and  admit  of  the  adoption  of  a  limited  number  of 
standard  loads,  j^referably  uniform. 
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Mr.  Scofleld.  E.  M.  ScoFiELD,  Assoc.  M.  Am.  Soc.  C.  E. — For  several  years  the 
speaker's  time  has  been  devoted  to  the  designing  of  truss  bridges.  He 
has  used  both  methods  of  calculation,  and  is  not  in  favor  of  the  method 
of  wheel  loads.  For  each  new  engine  loading  it  is  necessary  to  make 
a  moment  table,  which  has  to  be  checked  carefully,  and,  up  to  this 
point,  the  two  methods  are  the  same.  Aside  from  that,  the  speaker 
can  compute  uniform  loads  from  end  shear  and  figure  the  stresses  in 
a  bridge  in  about  one-quarter  to  one-tenth  of  the  time  required  by  the 
exact  wheel-load  method,  thus  saving  much  time  and  largely  avoiding 
danger  from  mistakes. 

By  the  uniform  method,  after  checking  the  end  shear,  all  the  stresses 
in  the  bridge  can  be  found  in  from  15  to  20  minutes,  and  checked 
beyond  all  possibility  of  error.  By  the  wheel-load  method  the  speaker 
has  never  been  able  to  make  the  calculations  and  check  them  in  such 
short  time;  it  generally  takes  from  four  to  ten  times  as  long,  and  then 
does  not  afford  such  a  ready  means  of  checking.  In  fact,  the  speaker 
has  seldom  made  such  calculations  by  wheel  loads  without  making  in 
parallel  columns  similar  calculations  by  uaiform  load  as  a  check;  and 
he  finds  that  such  a  method  of  checking  is  more  reliable  than  to  attempt 
to  check  a  wheel-load  calculation. 
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In  using  the  wheel-load  method  of  calculation,  the  niimber  of  man-  Mr.  Scofleld. 
ipulations  is  so  great  that  a  man  who  is  figuring  with  various  engines 
and  various  specifications   is  in   great  danger   of   making  mistakes; 
whereas  the  simplicity  of  the  equivalent  uniform-load  method  is  such 
that  the  calculations  can  be  checked  in  a  very  short  time. 

While  there  are  many  diflferent  methods  of  determining  equivalent 
uniform  loads,  that  which  bases  such  loads  on  the  shear  in  the  end 
panel,  is,  in  the  opinion  of  the  speaker,  most  satisfactory  for  truss 
calculations. 

All  engineers  do  not  agree  with  this  view,  but  a  uniform  load  based 
on  the  shear  in  the  end  panel  will  give  stresses  which  are  exact  for  the 
end  post  and  nearly  exact  for  the  first  tie,  the  error  being  always  on 
the  side  of  safety  and  increasing  slowly  toward  the  center,  and  being 
greatest  in  the  counters  where  the  tonnage  involved  is  small  and  where 
an  excess  of  metal  is  to  be  commended.  This  method  also  gives  in  the 
chords  a  little  too  much  sectional  area,  but,  judging  from  actual  tests 
of  bottom  chords,  under  everyday  conditions,  a  little  excess  of  metal 
in  those  members  is  likely  to  be  well  placed. 

The  argument  for  exact  wheel-loads  is  altogether  too  refined, 
because  the  engine  specified  may  never  pass  over  the  bridge,  and  the 
variation  due  to  the  use  of  a  uniform  load  will  not  exceed  4:%  in  ordi- 
nary cases  and  will  not  be  nearly  so  much  in  most  of  the  members 
where  the  weight  is  concentrated. 

In  the  opinion  of  the  speaker,  it  is  well  that  wheel  loads  be  speci- 
fied simply  because  they  are  more  intelligible,  especially  to  the  buyer. 
A  railroad  engineer  who  is  not  dealing  with  bridges  all  the  time,  or 
the  engineer  whose  time  is  mostly  devoted  to  other  kinds  of  work,  will 
prefer  to  have  wheel  loads  specified  because  they  mean  something 
definite  to  him,  which  the  uniform  load  does  not. 

The  speaker  believes  that,  in  addition  to  specifying  a  typical  engine 
or  an  actual  engine,  with  its  following  load,  a  uniform  load  obtained 
in  a  certain,  definite  way  should  also  be  specified  and  required  to  be 
used  in  making  the  calculations.  The  speaker  would  specify  loads 
based  on  the  center  moment  for  stringers  and  floor  beams  and  on  the 
moment  at  the  quarter  point  for  girders,  and  on  the  shear  in  the  end 
panel  for  trusses.  This  method  would  give  a  better  bridge  and  would 
save  time  in  making  the  calculations,  which  would,  in  the  end,  be  a 
saving  to  the  buyer.  There  are  other  methods  for  obtaining  equiva- 
lent loads  which  are  not  without  merit  and  are  alike  in  being  preferable 
to  the  wheel-load  method.  It  would  be  an  additional  advantage  if  the 
equivalent  loads  for  spans  varying  by  small  intervals  were  given. 

Henby  B.  Seaman,  M.  Am.  Soc.  C.  E. — Any  movement  toward  the  Mr.  Seaman. 
adoption  of  a  train  load  with  a  single  concentration,  instead  of  what  is 
termed  a  "typical"  engine,  but  which  has  really  become  an  equiva- 
lent typical  engine,  should  be  encouraged.     About  fifteen  years  ago  it 
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Mr.  Seaman,  was  the  custom  to  specify  all  the  various  types  of  engines  which 
might  in  any  way  produce  the  maximum  strain  under  varying  condi- 
tions. Calling  to  mind  especially  the  Pennsylvania  Eailroad  Specifi- 
cations, which  were  presented  to  the  Society  about  that  time  by  Joseph 
M.  Wilson,  M.  Am.  Soc.  C.  E.,  three  typical  engines  were  used.  These 
were  truly  tyi^ical,  and  represented  very  closely  the  actual  weights  and 
wheel  spacing  of  the  various  types  of  engines  in  use,  such  as  the  con- 
solidation, the  passenger  and  the  switch  engine.  But  as  general  spe- 
cifications were  written  for  adoj^tion  upon  various  roads,  it  was  found 
expedient  to  use  one  engine  diagram  which  would  produce  strains 
approximately  equivalent  to  the  maximum  from  the  three  types.  A 
consolidation  engine  diagram  was  outlined  for  this  purpose,  and  this 
might  properly  be  termed  an  equivalent  typical  engine,  /.  e.,  produc- 
ing strains  approximately  equivalent  to  the  three  types  formerly  used. 
Some  ten  years  ago  the  speaker  had  occasion  to  investigate  the 
weights  of  engines  for  C.  W.  Buchholz,  M.  Am.  Soc.  C.  E.,  Chief  Engi- 
neer of  the  Erie  Railroad,  and  the  result  of  this  study  was  given  in  a 
discussion  of  the  paper  on  "  Some  Disputed  Points  in  Railway  Bridge 
Designing.*"  There  was  no  engine  then  in  use  with  a  weight  on  the 
pony  wheel  exceeding  16  000  lbs. ;  and  the  weights  on  an  axle  of  the 
tender  in  no  case  would  exceed  23  000  lbs.,  with  full  weight  of  water, 
and  with  sides  boarded  up  to  carry  an  extra  heavy  load  of  coal.  To-day 
the  typical  engines,  or  rather  the  equivalent  typical  engines,  are  shown 
with  20  000  lbs.  on  the  pony  wheel,  and  in  some  instances  with  26  000 
lbs.  on  each  tender  axle,  which  is  a  variation  of  10  to  255'iJ'  from  actual 
conditions.  In  other  words,  we  are  designing  bridges  for  loads  which 
do  not  exist,  and  which  cannot  come  upon  them. 

Mr.  Pegram's  discussions  of  the  pajDcrs  "What  is  the  Life  of 
an  Iron  Railroad  Bridge?"  and  "American  Railroad  Bridges,"  as  well 
as  reviews  in  some  of  the  text  books,  indicate  that  a  imiform  train 
load  with  a  single  concentration  may  produce  strains  generally 
within  10%  of  the  engine  specified.  This  would  seem  about  as  close 
as  the  eqiiivalent  typical  engine,  generally  used,  would  come  to  the 
actual  load,  and,  if  so,  much  labor  would  be  saved  by  the  adoption 
of  the  single  concentration  method.  The  question,  therefore,  would 
appear  to  be,  not  whether  the  method  of  wheel  concentration  should 
be  continued,  but  what  equivalent  load  shou^ld  be  used?  It  should 
give  results  approximately  equivalent  to  those  obtained  in  practice; 
but  at  the  same  time  the  method  should  be  so  concise  as  to  permit  of 
its  insertion  in  a  si^ecification. 

It  is,  perhaps,  unnecessary  to  discuss  further  the  fatigue  formula. 

The  Launhardt  formula,  which  is  now  used  by  a  number  of  the  larger 

trunk  lines,  is  a  precise  interpretation  of  precise  experiments  which 

are   never   precisely  repeated   in   practice.     A   study    of   these   same 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvi,  p.  77. 
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experiments  indicates  that  if  we  consider  the  destructive  effect  of  live  Mr.  Seaman, 
strain  as  about  twice  that  of  dead  strain,   we  will  obtain  even  better 
general  results  than  by  the  Launhardt  formula,  and  since  this  general 
ratio  of  2  to  1  has  long  been  adopted  in  the  better  bridge  practice, 
there  is  no  justification  for  the  use  of  the  Launhardt  formula. 

J.  P.  Snow,  M.  Am.  Soc.  C.  E.  (by  letter). — The  assumptions  which  Mr.  Snow, 
it  is  necessary  to  make  on  the  matters  of  typical  loads,  imj^act,  proper 
unit  strains,  fatigue  formulas,  striictural  motion,  personal  predelic- 
tions  as  to  column  formulas,  assessment  of  riveted  members,  jjroper 
differences  for  soft  and  medium  steel  and  many  other  elements  of 
bridge  design  which  depend  on  the  personal  views  of  the  designer, 
render  any  hair-splitting  nicety  absurd,  either  in  computing  the  strain- 
sheet  or  in  apjalying  the  various  rules  for  deducing  sections  after  the 
strain-sheet  is  determined. 

The  railroad  official  who  buys  bridges  and  who  does  not  know  how 
to  design  them  must  have  a  method  which  he  can  trust  for  si^ecifying 
what  he  wants,  both  as  to  loading  and  the  translation  of  that  load  into 
the  final  sections  of  the  bridge  members. 

Without  question,  a  definite  engine  loading  is  understood  much 
more  readily  by  such  an  official  than  a  table  or  diagram  of  uniform 
loads;  and  Cooper's  specification  or  some  other  generally  accepted  one 
is  confidently  referred  to  by  him  with  the  supposition  that  it  gives  a 
clear-cut  and  sufficient  set  of  rules  to  guide  all  competing  bridge 
builders  in  translating  the  prescribed  load  into  the  desired  bridge. 

The  usefulness  of  the  engine  loading  disappears  if  the  bridge  buyer 
designs  his  own  bridges.  The  writer  has  used  the  uniform-load 
method  exclusively  for  the  last  15  years,  both  for  designing  new 
bridges  and  examining  old  ones,  and  finds  it  in  every  way  satisfactory 
and  ample,  in  all  cases,  to  cover  the  whole  ground. 

The  competing  bridge  builders  who  must  prepare  designs  and 
tenders  for  the  various  loadings  and  specifications  offered  have  the 
worst  of  it. 

They  must  find  the  absolute  maximum  strains,  or  the  consulting 
engineer  to  whom  the  tenders  are  referred  will  throw  out  their  plans; 
and  they  must  not  make  such  liberal  assumptions  as  will  cause  them 
to  use  more  metal  than  is  absolutely  needed,  else  their  keener  com- 
petitors will  underbid  them.  It  is  a  case  of  full  and  exact  figuring  to 
the  last  possible  ijermutation  with  them  on  every  sjjecification  offered, 
and  all  this  with  the  dreary  knowledge  that  not  more  than  one  bid  in 
a  dozen  will  result  in  an  actual  contract. 

Unless  the  bridge  buyers  can  be  brought  to  specify  uniform  loads 
for  their  bridges  it  is  difficult  to  see  how  the  overworked  builders 
can  be  helped.  One  set  of  loads  for  moments  and  another  for  shears, 
as  some  have  recommended,  can  hardly  appeal  to  their  sense  of  con- 
sistency.     A    uniform    load  plus  a  single  rolling  load,  as  many  ad- 
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vocate,  will  not  afford  them  miicli  chance  for  comparison  with  familiar 
structures  or  train  weights. 

A  single  set  of  uniform  loads  giving  the  same  center  moment  as 
the  maximum  wheel  loads  assumed  serves  as  the  basis  of  all  the 
writer's  computations  and  seems  to  him  to  be  the  simplest  and  most 
easily  comprehended  of  any  that  he  has  seen  advocated.  The  floor- 
beam  load  is,  of  course,  the  panel  length  multiplied  by  the  load  per 
foot  corresponding  to  a  span  equal  to  twice  the  panel  length.  This 
load  is  used  as  a  head  load  in  getting  the  web  shears,  the  following 
panel  loads  being  those  used  for  the  chord  moments.  By  neglecting 
the  partial  load  ahead  of  the  point  under  consideration  an  excessive 
shear  is  obtained,  but  many  good  designers  advocate  this  practice, 
and,  in  the  writer's  opinion,  it  is  justified,  from  the  fact  that  under  a 
fast  moving  train  the  web  members  apj)ear  to  be  much  more  disturbed 
than  the  chords. 

Shear  on  longitudinal  girders  is  obtained  by  using  57%  of  the  total 
live  load  for  the  end  reaction  and  19%  for  the  center  shear.  Inter- 
mediate shears  are  proportional  to  these.  The  actual  maximum  shear 
l^roduced  by  a  set  of  wheel  loads  expressed  graphically  is  a  fl^at 
curve;  but  the  straight  line  given  by  the  above  percentages  covers  its 
maximum  jjoints  and  gives  a  small  surplus  at  the  qiiarter  point  of 
the  span. 

A  system  of  loads  for  all  spans  cannot  be  pro^jei-ly  made  up  from 
a  single  class  of  engines.  Heavy  passenger  engines  with  two  driving 
axles,  or  tank  shifters  on  two  axles  close  together,  must  be  used  for 
spans  of  less  than  20  ft.,  while  consolidation  engines  will  govern  on 
long  spans.  Car  loads  are  so  heavy  at  present  that  the  customary 
legend  of  two  engines  followed  by  a  certain  train  load  may  well  be 
abandoned,  and  a  continuous  string  of  typical  engines  be  used  in 
obtaining  moments. 

It  appears  to  the  writer  that  if  i^rominent  bridge  engineers  could 
bring  themselves  to  re-write  their  specifications,  giving  simple  tables 
or  curves  of  the  uniform  loads  per  foot  corresponding  to  various  sets 
of  typical  wheel  concentrations,  and  give  rules  for  using  these  loads 
for  all  cases,  that  the  bridge  buyers  would  quickly  fall  into  line  and 
the  situation  would  be  relieved. 

The  speaker  would  vote  unreservedly  in  favor  of  discontinuing  the 
method  of  wheel  concentrations  in  determining  the  stresses  in  railroad 
bridges. 

Edwin  Thachee,  M.  Am.  Soc.  C.  E.  (by  letter). — The  first  specifica- 
tion the  writer  ever  saw  giving  wheel  concentrations  as  a  basis  for  the 
calculation  of  stresses  due  to  live  load  was  issued  by  the  Cincinnati 
Southern  Kailroad  about  25  years  ago.  Previous  to  that  time,  uniform 
loads  had  invariably  been  used  in  calculations;  unit  stresses  being 
varied  arbitrarily  to  suit  length  of  span  and  location  of  member. 
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This  specification  gave  a  live-load  diagram  of  two  lO-wheel  engines,  Mr.  Thacher. 
36  tons  in  12  ft.  and  66  tons  in  50  ft.,  followed  by  1  820  lbs.  per  lineal 
foot.  The  writer  was  then  employed  as  Assistant  Engineer  for  the 
Louisville  Bridge  andiron  Company,  of  Louisville,  Ky.,  of  which  the 
late  Albert  Pink,  Past-President,  Am.  Soc.  C.  E.,  was  President.  The 
specification  was  received  by  the  morning's  mail,  together  with  a  letter 
inviting  proposals  for  several  bridges  at  an  early  date. 

The  combined  talent  of  the  office  was  assembled,  and  that  sj^ecifi- 
cation  was  thoroughly  discussed.  It  was  voted  unanimously  that  the 
specification  was  absurd;  that  an  engine  of  such  weight  had  never 
been  heard  of,  and  would  never  be  used  on  the  Cincinnati  Southern 
Railroad  or  any  other;  that  to  design  bridges  for  such  a  load  was  a 
reckless  waste  of  money,  and  that  to  specify  such  a  load  was  an  out- 
rage. After  this  feeling  had  had  time  to  cool  off,  it  was  fully  realized 
that  this  load  must  be  used  in  calculations,  and  that  the  estimates  and 
strain  sheets  must  be  prepared  speedily,  and  the  all-important  ques- 
tion was  how  to  do  it.  This  was  before  the  days  of  moment  tables, 
or  moment  diagrams,  and  before  any  investigations  had  appeared 
giving  the  exact  location  of  load  for  the  maximum  stress  in  any 
member. 

Late  in  the  afternoon  of  that  day,  R.  Montfort,  M.  Am.  Soc.  C.  E., 
now  Chief  Engineer  of  the  Louisville  and  Nashville  Railroad,  sug- 
gested a  method  of  calculation  which  was  at  once  adopted,  and  which 
gave  results  near  enough  for  all  practical  purposes.  The  first  driver 
was  placed  over  a  panel  point  and  the  jianel  weights  resulting  from 
such  location  were  used  in  the  calculation,  and,  for  double  intersection 
bridges,  in  which  the  stresses  are  somewhat  ambiguous  at  best,  not 
much  impi'ovement  can  be  made  on  that  method  to-day. 

Specifications  giving  wheel  concentrations,  once  introduced,  came 
rapidly  to  the  front,  and  in  a  short  time  all  the  railroads  were  in  line, 
each  with  a  different  kind  of  load,  and  the  bridge  companies  should- 
ered their  burden,  which  they  have  continued  to  carry  ever  since. 

The  writer  has  been  satisfied  for  many  years  past  that  the  method 
of  wheel  concentrations  in  the  calculation  of  bridge  stresses  was  a 
waste  of  time,  and  has  done  what  he  could  to  correct  the  evil.  In  the 
specifications  of  the  Keystone  Bridge  Company  of  1887  and  1890  are 
given  tables  for  equivalent  uniform  loads  for  engines  of  ten  different 
weights,  from  44-ton  narrow  gauge,  to  112-ton  decajjod,  and  for  spans 
from  10  ft.  to  300  ft.  in  length.  For  spans  of  70  ft.  and  less  (70  ft.  being 
about  the  maximum  length  of  jilate  girders  used  at  that  time)  the 
uniform  loads  are  such  as  will  give  a  maximum  center  moment;  and 
for  spans  of  75  ft.  and  upward,  such  as  will  give  a  maximum  end 
shear.  These  tables  have  been  quite  extensively  used,  and  give  results 
practically  the  same  as  the  wheel  loads,  and  in  one-tenth  the  time.  To 
prepare  a  moment  table  for  a  new  loading  is  some  labor,   but  when 
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Mr.  Thacher.  once  prepared,  tlie  equivalent  uniform  load  for  any  span  can  be  found, 
by  aid  of  the  slide  rule,  in  a  few  minutes. 

It  was  the  practice  of  the  writer  for  some  years  to  calculate  bridges, 
using  wheel  concentrations,  and  check  by  the  method  of  uniform 
loads,  but  gradually  he  came  to  use  uniform  loads  altogether,  excej^t 
in  special  cases,  generally  confined  to  cases  in  litigation  or  reconstruc- 
tion. 

It  appears  to  the  writer  that  the  railroad  companies  would,  on 
projier  representation,  agree  on  four  or  five  typical  loads,  ranging 
from  light  to  the  heaviest  in  use,  some  one  of  which  they  would  be 
willing  to  adopt  for  their  bridges.  By  an  expert  bridge  engineer  these 
could  soon  be  tabulated  for  convenient  use,  giving  the  moments  and 
shears  required  in  girder  calculations,  and  the  equivalent  loads  to  be 
used  in  the  calculation  of  trusses,  thus  saving  an  immense  amount  of 
useless  labor  repeated  over  and  over  again.  The  writer  is  satisfied 
that  this  result  will  never  be  accomplished  by  the  efforts  of  any  one 
engineer,  however  meritorious  his  scheme,  but  believes  it  can  be  accom- 
plished by  a  Special  Committee  of  this  Society. 

Few  engineers  believe  that  Launhardt's  formula  should  be  used  in 
designing  bridges  on  account  of  any  fatigue  of  the  material  due  to 
repeated  application  of  load,  but  the  writer  believes  that  a  modifica- 
tion of  this  formula  is  the  best  thing  yet  devised  for  taking  account  of 
impact  in  the  distribution  of  bridge  material. 

The  writer  prefers  the  form,  a  (l  -j-  :^ — -  ).  Cooper's  specification 
reduces  to  ft  ^  (  1  +  -^ — -  ) ;  and  both  give  j^ractically  the  same  result. 

It  is  generally  conceded  that  live  load  has  a  worse  effect  on  a  bridge 
than  dead  load,  and  the  above  formulas  assume  that  it  has  double  the 
eff"ect,  but  they  can  be  varied  to  suit  any  ratio  desired,  and  the  results 
are  consistent  with  each  other.  The  writer  could  never  see  any  merit 
in  the  arbitrary  rule-of-thumb  methods  which  add  25^  for  girders 
25  ft.  long,  and  15>V  for  girders  25  ft.  1  in.  long;  50%  to  this  and  lO^o'' 
to  that;  and  he  will  continue  to  advocate  the  above  modification  of 
Launhardt's  formula  until  something  better  is  proposed. 
Mr.  Waddell.  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.  (by  letter). — In  1891  the 
writer  presented  to  this  Society  a  paper  entitled  ' '  Some  Disjiuted 
Points  in  Railway  Bridge  Designing,"*  in  which  he  advocated  the  adop- 
tion of  a  few  standard  train  loads  for  railroad  bridges,  instead  of  the 
numerous  ones  then  in  use,  offering  instead  a  set  of  live  loads  for  dis- 
cussion, and  urging  that  the  "  Equivalent  Uniform-Load  Method  "  be 
adopted  instead  of  the  tedious,  burdensome,  hair-splitting  and  heart- 
breaking method  of  "  Wheel  Concentrations." 

The  thorough  discussion  which  this  paper  received,  and  the  favor- 
*  Transactions;  Am.  Soc.  C.  E.,  Vol.  xxvi,  p.  77. 
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able  opinions  of  most  of  those  who  discussed  the  questions,  and  of  the  Mr.  Waddell. 
technical  press,  induced  the  writer  to  carry  farther  his  investigations 
and  to  make  an  earnest  endeavor  to  establish  a  few  standard  live  loads 
and  the  simpler  method  of  computing  stresses. 

The  reviews  in  the  technical  press  started  a  series  of  papers  by  the 
writer  and  others,  which  were  printed  in  the  Railroad  Gazette  and  The 
Engineering  Record. 

These  showed  conclusively  that  the  "Equivalent  Uniform-Load 
Method  "  gives  results  which  are  accurate  enough  for  all  practical 
purposes,  and  which  are  more  accurate  than  those  which  are  obtained 
by  either  the  "Single-Concentration  Method"  or  the  "Double-Con- 
centration Method."  Concerning  the  accuracy  of  this,  there  appears 
to  be  still  some  doubt  in  the  minds  of  a  few  members  of  the  Society, 
as  shown  by  opinions  expressed  in  this  discussion,  so  the  writer  gives 
herewith  certain  tabulated  results  of  computations  made  some  years 
ago  for  the  special  purpose  of  comparing  the  three  alternative  methods 
with  the  so-called  exact  method,  all  tabulated  figures  having  been 
•checked  by  two  computers  working  entirely  independently  of  each 
other.  The  span  assumed  for  comparison  was  one  of  200  ft.,  which  is 
not  far  from  the  average  span  length  for  truss  bridges  in  America; 
and  the  live  loads  adopted  are  those  of  Classes  Z  and  Uoi  the  writer's 
"  Compromise  Standard  System  of  Live  Loads  for  Eailroad  Bridges." 

For  trusses,  the  equivalent  uniform  load  used  in  each  case  is  an 
average  of  those  figured  for  each  panel  point.  This,  for  nearly  all 
spans,  is  almost  exactly  the  same  as  the  equivalent  for  the  quarter 
points. 


TABLE  No.  6. — Percentages  of  Ekeor  in  Moments  at  Centers  of 
Plate-Girder  Spans,  Found  by  EQXJiVAiiENT-IJNiFORM,  Single- 
Excess  and  Double-Excess  Systems. 


A 

■& 

Class  Z. 

Class  U. 

1^ 

Equivalent 
uniform 
system. 

Single-excess 
system. 

Double-excess 
system. 

Equivalent 
uniform 
system. 

Single-excess 
system. 

Double-excess 
system. 

15.... 

20.... 
25. . . . 
30. . . . 
35.... 
40.... 
45.... 
50.... 
60. . . . 
70.,.. 
80.... 
90.... 
100... 

none. 

1              u 

14.0  safety. 
7.8        " 
4.2       " 
2.1        " 
0.7        " 
0.5 

0.3        " 
0.0       " 
0.4  danger. 
0.1  safety. 
0.0       " 
0.1  danger. 
0.9       " 

14.0  safety. 

7.8       " 

73;i    " 

0.7       " 
0.5        " 
0.3 

0.0       " 
0.4  danger. 
0.1  safety. 
0.0       " 
0.1  danger. 
0.9 

none. 

19.9  safety. 
11.8       " 
5.3       " 

1.2  '^ 

1.3  danger. 

218       " 
3.2       " 
2.7 
2.2       " 

1.9     ;; 

i;2    " 

19.9  safety. 
11.8       "  . 

5.3       '' 

1.3       " 

1.3  danger. 

2.3        " 

2.8  " 
3.2       " 
2.7        " 
2.2       " 

1.9  " 
1.7        " 
1.2       " 
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Mr.  Waddeii.  TABLE  No.  8. — Percentages  of  Error  in  End  Shears,  Found  by 
Equivalent-Uniform,  Single-Excess,  and  Double-Excess 
Systems. 


In  tliese  tables  the  best  possible  showing  was  made  for  both  the 
"Single-Concentration  Method,"  and  the  "  Donble-Concentration 
Method,"  as  an  inspection  will  show. 

The  single  concentrated  load  for  each  class  was  found  by  ascer- 
taining, for  each  main  diagonal  and  each  chord  section  of  a  150-ft., 
a  300-ft.,  and  a  500-ft.  span,  the  single  concentrated  excess  load, 
which,  in  addition  to  the  uniform  car-load,  would  produce  the  same 
shear  or  moment  as  that  found  by  the  wheel-concentration  method. 
These  excesses  for  each  span  were  then  averaged,  and,  finally,  the 
average  of  these  averages  was  taken  as  the  most  nearly  correct  excess 
load  for  main-truss  members.  The  results  were,  respectively,  for 
Classes  Z  and  U,  39  372  lbs.  and  88  368  lbs. 

Next,  the  average  single  concentrations  for  all  plate-girder  spans 
between  20  ft.  and  100  ft.  for  both  classes  were  determined,  and  found 
to  be,  respectively,  24  577  lbs.  and  51  750  lbs.  Now,  as  the  floor 
system  is  quite  as  important  as  the  trusses,  it  w^as  deemed  proper  to 
average  these  concentrations  with  those  found  for  main-truss  mem- 
bers, in  order  to  determine  the  final  single  concentration  for  each 
class,  thus  making  the  said  final  concentrations,  in  round  numbers, 
32  000  lbs.  for  Class  Z  and  70  000  lbs.  for  Class  U. 

On  applying  these  to  both  floor  systems  and  trusses,  the  errors 
found  were  so  great  as  to  show  conclusively  that  no  single  concentra- 
tion can  be  assumed  which,  combined  with  the  constant  car  load,  will 
give  results  that  even  approximate  to  those  found  by  the  concentrated 
wheel-load  method. 

It  became  necessary,  therefore,  to  adopt  one  concentration  for  the 
floor  system  and  another  for  the  trusses,  in  order  to  make  any  show- 


DISCUSSION"    ON    WHEEL   CONCENTRATIONS. 


219 


ing  at  all  for  the  system.    For  Class  Z  there  were  used  25  000  lbs.  for  the  Mi 
floor  system  aud  40  000  lbs.  for  the  trusses,  and  for  Class  V  50  000  lbs. 
and  90  000  lbs. ,  resiDectively.   On  applying  these,  it  was  found  necessary 
to  make  still  another  compromise,  viz.,  to  use  the  truss  concentration 
in  computing  end  shears  in  plate-girder  sjaans  and  in  floor  systems. 

Adopting  these  compromises,  and  making  calculations  thereby, 
gave  the  percentages  of  error  shown  in  Tables  Nos.  6,  7  and  8,  in  the 
columns  headed  "  Single-Excess  system." 

The  double  concentrated  loads  for  the  two  classes  were  found  by 
making  some  extensive  calculations.  These  loads  varied  from  25  000 
lbs.  for  Class  Z  to  50  000  lbs.  for  Class  JJ.  By  using  these,  the  per- 
centages of  error  in  Tables  Nos.  6,  7  and  8,  under  the  headings 
"Double-Excess  System,"  were  ascertained. 

A  study  of  Table  No.  7  shows  that  the  equivalent  uniform-load 
method  is  much  more  accurate  for  main-truss  members  than  either 
the  single  or  the  double-concentration  method,  and,  referring  to 
Table  No.  6,  it  is  seen  that,  while  the  equivalent-uniform  load  gives 
exact  results  (or  as  nearly  so  as  a  due  consideration  for  regularity  in  the 
curves  will  permit),  both  of  the  other  methods,  especially  for  short 
spans  and  stringers  of  ordinary  length,  give  large  eri'ors,  notwith- 
standing the  fact  that  there  were  adojjted  different  concentrations  for 
floor  systems  and  trusses. 

In  order  to  eliminate  entirely  the  personal  equation  from  these  tables. 
Table  No.  9  was  prepared  by  collecting  the  greatest  summations  of  per- 
centages of  error  for  both  chords  and  webs,  counters  being  ignored: 

TABLE  No.  9. — Variations  in  Percentages   of   Error,  as   given  by 

EQinVALENT-llNirORM,  SiNGLE-ExCESS  AND  DotJBLE-ExCESS  SYSTEMS. 
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Class  Z. 

Class  U. 

^1 

Equivalent 

Single- 

Double- 

Equivalent 

Single- 

Double- 

uniform 

excess 

excess 

uniform 

excess 

excess 

m 

system. 

system. 

system. 

system. 

system. 

system. 

.00..; 

Chord  members. 

4.6 

5.0 

6.7 

7.5 

0.4 

Web 

7.0 

15.6 

7.6 

6.3 

18.5 

6.5 

150. .  -j 

Chord 

0.2 

0.2 

1.4 

2.0 

2.2 

0.2 

Web 

4.8 

12.7 

9.1 

2.5 

14.4 

7.7 

200..] 

Chord 

0.3 

0.3 

1.1 

1.6 

1.6 

0.4 

Web 

1.9 

8.9 

7.0 

2.6 

9.7 

5.8 

250..  1 

Chord 

0.3 

0.3 

0.9 

1.3 

1.4 

0.3 

Web 

0.6 

6.9 

5.8 

2.8 

7.2 

4.6 

«..! 

Chord 

0.8 

0.8 

0.5 

1.1 

1.1 

0.5 

Web 

0.6 

5.5 

5.0 

3.5 

5.6 

3.8 

400. .  1 

Chord 

0.5 

0.5 

0.3 

0.7 

0.7 

0.3 

Web 

1.0 

3.8 

3.8 

3.9 

3.9 

2.9 

When  the  extreme  errors  were  of  opposite  kinds,  their  arithmeti- 
cal sum  was  taken,  but  when  they  were  of  the  same  kind  their 
numerical  difference  was  taken. 

A  study  of  Table  No.  9  shows  that,  as  far  as  chord  stresses  are  con- 
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Mr.  Waddell.  cerned,  there  is  but  little  to  choose  from  between  the  three  methods, 
but  that,  in  respect  to  web  members,  the  equivalent  uniform-load 
method  is  very  much  more  accurate  than  either  the  single-excess  or 
the  double-excess  method. 

Summarizing,  it  is  evident  that  the  following  have  been  proved : 

1st.  The  equivalent  uniform-load  method,  for  all  bridges  of  types 
sanctioned  by  the  best  modern  practice,  gives  stresses  agreeing 
suificiently  well  for  all  practical  purposes  with  those  found  by  the 
concentrated  wheel-load  method. 

2d.  That  there  is  no  combination  of  a  constant  car  load  per  lineal 
foot  and  a  single  concentrated  load  which  will  give,  for  all  members 
of  trusses  and  floor  systems,  stresses  which  will  agree  even  approxi- 
mately with  those  found  by  the  concentrated  wheel-load  method. 

3d.  That  even  if  for  any  system  of  loading  two  separate  single 
concentrations  be  adopted,  one  for  floor  systems  and  the  other  for 
main-truss  members,  the  said  single  concentrations  cannot  be  adjusted 
so  as  to  give  results  agreeing  sufficiently  well  for  practical  purposes 
with  those  found  by  the  concentrated  wheel-load  method. 

4th.  That  if  two  engine  excesses  placed  about  50  ft.  apart  at  panel 
l^oints  be  adopted  in  connection  with  a  constant  car  load  per  lineal 
foot,  the  stresses  obtained  thereby  in  members  of  floor  systems  and 
trusses  do  not  agree  sufficiently  well,  for  practical  purposes,  with 
those  obtained  by  the  concentrated  wheel-load  method. 

Now,  on  the  strength  of  this  showing,  what  is  the  use  of  talking  any 
more  about  iising  a  constant  car  load  per  lineal  foot  headed  by  either  one 
or  two  concentrations?  Either  of  the  last  two  methods  requires,  in 
making  calculations  of  stresses,  fully  double  the  time  and  labor  reqiiired 
by  the  equivalent  uniform-load  method,  and  is  by  no  means  as  accurate. 

There  is  no  method  of  computing  live-load  stresses  so  simple  and 
easy  as  that  which  involves  the  use  of  properly  figured  uniform  loads, 
so,  why  not  adopt  it  for  good  and  all,  if  we  are  to  abandon  in  future 
the  use  of  the  "Wheel-Concentration  Method  "  ? 

And  surely  the  time  has  come  to  abandon  the  latter  method 
forever,  if  one  may  judge  by  the  unanimous  opinion  of  those  who 
took  part  in  the  oral  discussion  of  the  question. 

In  respect  to  Mr.  Morison's  projjosed  method,  it  must  be  evident 
to  all  that  instead  of  simplifying  matters  it  would  complicate  them 
worse  than  ever. 

The  objections  which  railroad  engineers  offer  to  using  live  loads 
which  they  cannot  understand  readily,  and  which,  at  least  in  their 
minds,  do  not  approximate  actual  train  loads,  is  well  founded. 

Let  each  railroad  engineer  who  desires  to  have  a  bridge  designed 
choose  a  combination  of  two  locomotives  and  a  train  of  cars  of  indefinite 
length  weighing  a  certain  number  of  pounds  per  lineal  foot,  and,  on  the 
same  diagram  upon  which  this  loading  is  drawn  to  scale,  let  there  be 
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drawn  also  tlie  curves  for  equivalent  loads  and  for  end  shears  in  plate-  Mr.  Waddell. 
girder  spans;  and  let  tliere  be  written  thereon  a  note  to  the  eifect  that 
the  curves  are  to  be  used  instead  of  the  actual  wheel  concentrations. 

But,  instead  of  each  engineer  having  a  live  load  of  his  own,  why  not 
provide  a  variety  of  live  loads  differing  from  each  other  by  uniform  grada- 
tions from  which  anyone  can  choose  a  load  to  suit  his  requirements? 

"  In  November,  1892,  the  author  sent  a  circular- letter  to  all  the 
chief  engineers  of  railroads  in  the  United  States  and  Canada  who  were 
members  (in  any  grade)  of  the  American  Society  of  Civil  Engineers, 
and  to  every  other  member  of  that  society  connected  with  or  specially 
interested  in  the  designing,  building  or  operating  of  railroad  bridges. 
This  letter  solicited  a  ballot  on  certain  '  Disputed  Points  in  Railway 
Bridge  Designing,'  foremost  among  which  were  those  of  standard  live 
loads  and  a  simple  equivalent  method  for  computation.  The  number 
of  responses  received  was  as  great  as  could  have  been  expected;  and 
the  result  was  that  about  82%  of  those  who  voted  favored,  and  18% 
opposed,  the  adoption  of  'A  Standard  System  of  Live  Loads  for  Rail- 
way Bridges  '  similar  to  that  proposed  by  the  author.  Eighty-two 
per  cent,  also  of  those  who  voted  were  in  favor  of  abandoning  the 
'  Concentrated  Wheel-Load  Method,'  and  18%  were  in  favor  of  retain- 
ing it.  Of  the  former,  78}'o  favored  the  '  Equivalent- Uniform  Load 
Method,'  and  22%  were  in  favor  of  either  the  '  Single  '  or  the  '  Double 
Concentration  Method.'  A  number  of  gentlemen  who  responded 
made  valuable  suggestions  in  respect  to  the  standard  system  of  live 
loads  propounded,  and  by  the  aid  of  these  the  author  prepared  a 
IjrojDosed  '  Compromise  Standard  System  of  Live  Loads  for  Railway 
Bridges,'  and  submitted  the  same,  as  before,  for  final  ballot  in  May, 
1893. 

"The  niimber  of  replies  received  showed  that  great  interest  was 
taken  in  the  question;  and  the  result  of  the  ballot  was  90%  in  favor 
and  10%  opposed  to  the  proposed  standard. 

"  Next  the  pamphlet  was  published  and  distributed  quite  generally 
among  those  engineers  interested  in  the  subject  of  bridges,  a  copy 
being  sent  not  only  to  every  one  who  had  replied  to  the  ballots,  but 
also  to  every  railroad  chief  engineer  in  the  United  States,  Canada  and 
Mexico  Avhose  address  was  given  in  Poor's  Manual.  To  these  chief 
engineers  there  was  also  sent  another  circular -letter  with  a  ballot  that 
read  as  follows: 

"' ^  {do  not  agree!  ^°  ^^'^^  *^®  "Compromise  Standard  System  of 
Live  Loads  for  Railway  Bridges  "  when  calling  for  bids  on  railroad- 
bridge  work,  or  when  having  plans  i^reiDared  for  railroad  bridges. ' 

"  '  l]do  nft  agreej^o  specify  that  the  "Equivalent  Uniform-Load 
Method  "  is  to  be  used  in  computing  stresses  in  the  bridges  that  are  to 
be  designed  for  my  road. ' 

"  Over  one  hundred  chief  engineers  thus  addressed  voted  in  favor 
of  both  propositions,  and  very  few  were  opposed." 

The  Compromise  Standard  System  of  Live  Loads  for  Railroad 
Bridges  has  now  been  in  use  for  six  years,  and  all  who  have  used  it 
and  its  equivalents  endorse  heartily  both  the  loads  themselves  and  the 
equivalent  method  of  calculating  stresses. 

Unfortunately,  locomotives  and  cars  have  both  grown  somewhat 
heavier  since  the  writer's  pamphlet  was  issued,  so  that  it  is  now  neces- 
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Mr.  Wacldell.  sary  to  add  to  the  live  loads  "  Class  /S',''  for  which  the  axle  loads  would 
be  as  follows : 

Pilot  axle 22  000  lbs. 

Driving  axles 43  000  lbs.  each. 

Tender  axles 25  000  lbs.  each. 

Cars 4  400  lbs.  jier  lineal  foot. 

Alternative  axle  load 54  000  lbs.  each,  on  two  axles  only. 

The  equivalent  curves  can  be  drawn  on  the  diagrams  by  eye,  cor- 
rectly enough  for  all  i^ractical  purposes,  by  simj^ly  extending  upward 
the  spacing  of  the  curves. 

There  is  one  point  in  connection  with  all  these  equivalent  curves 
to  which  the  writer  desires  to  call  attention,  viz.,  the  equivalent  loads 
which  they  rej^resent  were  figured  for  cars  preceding  as  well  as  fol- 
lowing the  locomotives,  in  the  case  of  chord  stresses. 

The   writer   desires   also  to  call  attention  to  the  short   method, 
evolved  by  him  some  eight  years  ago,  of  computing  for  any  truss,  by 
one  simple  graphic  diagram  and  by  the  use  of  a  slide  rule,  all  the 
main-member  stresses,  both  direct  and  reverse. 
The  method  is  as  follows : 

Assume  that  there  is  an  upward  reaction  at  one  end  of  the  sjjan 
equal  to  100  000  lbs.,  caused  by  an  unknown  load  placed  at  the  first 
panel  point  from  the  other  end  of  the  span,  then  find  grajihically  the 
stress  in  each  web-member  from  end  to  end  of  span,  caused  by  this 
assumed  upward  reaction.  Then  calculate  the  value  of  the  live-load 
reaction  for  the  maximum  stress  in  each  web-member  by  means  of  the 
slide  rule  and  the  following  formula  and  table  in  which  n  is  the 
number  of  panels  in  the  span,  7i'  is  the  number  of  the  panel  point  at 
the  head  of  the  train,  counting  from  the  loaded  end  of  the  span,  and 

C  is  the  coefficient  of        . 
n 

Live-load  reaction  for  the  head  of  train  at  n'  =  C  X  — . 


n' 

C 

11' 

c 

n- 

c 

n' 
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1 

1 

y 

28 

13 

91 
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190 
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36 
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105 
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15 
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21 

231 

4 

10 

10 
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16 

1,36 

22 

253 

5 

15 

11 

66 

17 

153 

23 

276 

6 

21 

12 

78 

18 

171 

M 

300 

Then,  still  using  the  slide  rule,  find  the  greatest  live-load  stress  ir 
each  web-member  by  the  following  equation: 

Stress  required  =  Stress  from  Assumed  Reaction  x 
Actual  Reaction 
Assumed  Reaction 
Where    the  panels  are  divided,  as  in  the  Petit  truss,   and  wher« 
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inclined  sub-posts  are  used,  the  tensile  stress  in  the  upper  half  of  each  Mr.  Waddell. 
main  diagonal  thus  found  will  have  to  be  corrected  by  subtracting 

therefrom  a  stress  equal  to  -^  Sec.  A,  where  A  is  the  inclination  of  the 

diagonal  to  the  vertical.  But  when  inclined  sub-ties  are  used  instead 
of  inclined  sub-posts,  the  correction  just  referred  to  will  apply  only 
to  the  compressive  stresses  in  the  lower  halves  of  the  main  diagonals. 
The  reason  for  making  this  correction,  as  will  be  at  once  evident  to  any 
one  who  is  accustomed  to  finding  stresses  in  Petit  trusses,  is  that  the 
method  above  outlined  ignores  the  subdivision  of  the  panels  when  ascer- 
taining by  graphics  the  stresses  caused  by  the  assumed  upward  reaction. 

The  writer's  sole  reason  for  again  bringing  forward  this  quick 
method  is  that  he  would  like  bridge  engineers  to  learn  to  use  it  and 
thus  save  themselves  much  valuable  time  and  energy,  as  it  cuts  down 
the  work  of  computing  web  stresses  to  a  very  small  percentage  of  the 
amount  usually  expended  thereon. 

In  conclusion,  it  appears  from  the  opinions  advanced  in  the  oral 
discussion,  that  the  time  has  come  to  drop  from  engineering  jjractice 
and  to  relegate  to  text  books,  where  it  can  still  serve  as  an  excellent 
examjjle  of  mental  gymnastics,  the  i^seudo-exact,  laborious  and 
tedious  method  of  Wheel  Concentrations,  and  to  adojjt  instead  some 
simpler  methods;  consequently,  the  writer  herewith  i^roposes  that  the 
"  Compromise  Standard  System  of  Live  Loads  for  Kailroad  Bridges  '" 
and  the  "  Equivalent  Uniform-Load  Method"  of  computing  stresses 
be  adopted  by  the  profession  for  general  practice. 

O.  E.  Selby,  Jun.  Am.  Soc.  C.  E.  (by  lettej). — It  is  the  jjurpose  of  Mr.  Selby. 
the  writer  to  present,  first,  three  tables  giving  actual  moments  and 
shears  in  trusses  and  plate-girders  produced  by  the  loading  in 
"Cooper's  1896  Sj)ecifications;"  second,  a  table  of  the  single-excess 
loads  which,  with  the  constant  uniform  train-load,  will  produce  the  same 
moments  and  shears  as  the  wheel- loads;  third,  two  diagrams  on  which 
these  excess  loads  are  plotted  in  order  to  determine  their  laws  of  varia- 
tion; foui'th,  three  simple  formulas  deduced  from  the  diagrams,  which 
will  give  values  of  excess  loads  producing  moments  and  shears  sub- 
stantially equal  to  those  produced  by  the  wheel  loads;  fifth,  a  simple 
specification  for  loading  which  will  combine  in  one  operation  the  com- 
puting of  the  quiescent  stresses  and  the  allowance  for  impact. 

The  tables  for  moments  and  shears  for  Cooper's  "  £"40"  have  been 
computed  systematically  and  checked  carefully,  and  will  be  useful  to 
those  who  still  prefer  to,  or  find  it  necessary  to,  compute  stresses  by 
the  actual  wheel-loads  for  this  specification. 

Table  No.  10  gives  the  moment,  end  shear,  center  shear  and  shear 
at  quarter  point  for  plate-girder  spans,  varying  by  increments  of  1  ft., 
from  10  to  125  ft.  Tables  Nos.  11  and  12,  respectively,  give  moments 
and  shears  for  truss  spans  of  5,  6,  7,  8  and  9  panels,  and  panel  lengths 
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Mr.  Selby.  varying  by  increments  of  1  ft.  from  20  to  35  ft.  This  includes  span 
lengths  between  100  ft.  and  315  ft.  The  shears  apply  only  to  trusses 
with  parallel  chords.  The  arrangement  of  the  tabulation  by  panel 
lengths  rather  than  span  lengths  is  believed  to  be  new,  and  facilitates 
a  complete  tabulation  in  a  small  space.  Values  for  intermediate  panel 
lengths  can  be  obtained  by  direct  interpolation.  All  values  in  the 
tables  ai"e  for  one  truss  or  girder. 

Having  prepared  the  foregoing  tables  for  his  own  use,  some  time 
ago,  the  writer  began  to  cast  about  for  a  simple  substitute  loading 
which  could  be  used  instead  of  wheel  loads  in  general  without  material 
variation  in  the  results,  and  for  some  rule  for  varying  the  substitute 
loading  to  correspond  with  ditferent  engine  loadings.  He  made  many 
comparative  computations  using  various  single  excesses,  double  ex- 
cesses, uniform  loads,  etc.,  with  results  in  favor  of  the  single-excess 
method,  but  without  finding  any  one  excess  load  which  gave  satisfac- 
tory results  for  widely  different  span  lengths.  Finally,  it  occurred  to 
him  to  compute,  for  the  various  positions  and  span  lengths,  the  excess 
loads  which,  with  the  uniform  train-load,  would  produce  the  actiial 
moments  and  shears  in  the  table,  and  to  study  their  laws  of  variation. 

Table  No.  13  gives  the  values  of  such  excess  loads  E,  for  one  truss 
or  girder,  for  all  panel  points  of  trusses  of  5,  6,  7,  8  and  9  panels,  with 
panel  lengths  varying  by  3  ft.  from  20  to  35  ft.,  and  for  plate-girders 
of  lengths  varying  by  5  ft.  from  10  to  125  ft. 

The  formulas  for  computing  E  are  very  simple.  Let  il/=  total  actual 
moment,  il/„  =  moment  from  uniform  load  and  M^  =  moment  from  ex- 
cess load.     Then  M  =  31^^  +  M,.     Similarly  for  shears  S  —  S^^ -\-  S^. 

Let  w  =  uniform  train-load  per  foot  and  I  =  span. 

For  moment  in  a  plate-girder: 

31  =  ^  w  P  -{-  jE  I,  from  which 

4:31  IV 

^ 2'- 

For  a  train-load  of  4  000  lbs.   per  foot,  with  1  000-lb.  units,  w  =  2 

4  31 

for  one  girder,  then  E  =  — j-  —  I. 

For  end  shear  in  a  plate-girder: 


s  = 

-  -^  w  I  -\-  E,  from  which  E  = 

S  ■ 

-h'- 

Iiiv  =  2,  E=S—  I. 

For  center  shear  in  a  plate-girder : 

'S'=^ic|-f  |  =  -i.W-f^,  from  which 

E-- 

=  2  .S  —  J  IV  I. 

If  IV   = 

-.2,  E  =  2  S  —  ^l. 
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For  moments  in  a  truss,  let  N  =  wliole   number  of   panels   and  Mr.  Selby. 
■I  =  number  of  panels  to  the  left  of  the  point  in  question  ;  then,  con- 
ddering  the  uniform  panel  load  concentrated  at  the  panel  point. 


J/„  =  -^  p  to  X  n  p ^-Y-!-  p  X  p  w 

liw  =  2,  34=/ H  (iV-»)- 
3L  =  —^r^  E  n  p 


2   ^^  l-\T 


2)    n 


[N  -  n)   +E^E  np  =  n  [N-n]  p  (jy  +  ;^)  ,  froi 


which 


N 


(n 


M 


") 


{N-n)p 
For  shears  in  a  truss : 

{N—n-{-l)  {N- 


S„     r=   p     W 
If     W 


^,  \  -P  jyr 


N—n 


N 


E. 


o_      {N-n  +  l){N-7i)    ^ 


N—n 


E  =  -^ 


N 


iV 


S  —  p  (N—  n  +  1). 


E,  from  which 


An  inspection  of  Table  No.  13  shows  that  the  values  of  E  increase 
slowly  with  the  span  length  for  plate-girders  and  are  nearly  uniform 
for  different  panel  lengths,  but  vary  with  the  position  in  the  truss  and 
the  number  of  panels.  The  values  for  plate-girders  have  been  plotted 
on  the  diagram,  Fig.   8,  together  with  straight  lines,  which  coincide 
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Mr.  Selby. 
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Mr.  Selby  practically  with  the  curves  of  actual  values.     The  equations  of  the 
straight  lines  are  as  follows: 

For  end  shears        E,  for  one  girder,  =  25  +  J    L. 
' '    moments  "  "  "      22  -(-  ro  i. 

"    center  shears      "  "  "      20 -f- ^o  X. 

Shears  and  moments  computed  from  values  of  E  obtained  by  the 
foregoing  formulas  will  differ  from  the  actual  values  by  very  small  per- 
centages on  the  safe  side,  except  for  span  lengths  of  less  than  20  ft.  The 
greatest  differences  are  as  follows:  For  moments— 10-ft.  span,  46.6^, 
15-ft.  span,  15.5^,  20-ft.  span,  G.6%,  lOO-ft.  span,  2.5^.  For  end 
shears— 10-ft.  span,  25%,  15-ft.  span,  9.4:%,  60-ft.  span,  2.5%.  For 
center  shears— 10-ft.  span,  30%,  15-ft.  span,  9.1%,  20-ft.  span,  14.3%, 
25-ft.  span,  8%,  30-ft.  span,  7.4%,  125-ft.  span,  3.3  per  cent. 


1 

1/Xl 

2^J--"^ 

DIAGR 

M   SH 

3W1NG  VALUE 
EQUIVALENT 

S  OF  'jEXCESS  LOAD"  E  FOR  TR 
TO  COOPER'S   "EM"  LOADING. 

uss  s 

1EARS 

1, 

-/i 

'^ 

^ 

K-^. 

1 

'/o'"'. 

*^ 

^ 

^9 

fed 

■^•..^ 

%\ 

> 

N, 

i§ 

V6>- 

X, 

I  o 

'V 

\\ 

5>x 

3/;n 

"\ 

V/9 

i 

*/ 

0^-,^5 

k 

"■^^^^ 

^n' 

RATIO 

% 

JV  = 

NUMBER  OF 
NUMBER  OF 

PANEL 
'ANEL 

3  UNLC 
SIN  T 

ADED. 
HE  SP/ 

\ 

By  the  use  of  the  above  formulas  for  E,  the  greatest  excess  over  the 
actual  quiescent  stress  comes,  as  it  should,  on  the  shorter  spans,  where 
extra  metal  in  a  girder  is  desirable  for  the  sake  of  mass.  In  a  sjaecifica- 
tion  for  actual  use  the  number  of  formulas  could  be  reduced  to  two, 
with  advantage,  using 

E  =^  25  -{-  I  L  for  end  shears,  and 
jE7  =  22  4-  tV  J^  for  moments  and  center  shears. 
The  increase  in  values  of  center  shears  would  not  result  in  much  in- 
crease in  the  weight  of  metal. 

The  values  of  E  for  triiss  shears  have  been  jjlotted  on  the  diagram. 
Fig.  9,  taking  the  average  value  at  each  panel  point  for  the  different 
panel  lengths.  The  abscissas  of  this  diagram  represent  jjercentages 
of  span  unloaded.  The  parabola  plotted  mil  give  values  of  E  which 
will  produce  shears  practically  equal  to  the  actual  shears;  the  greatest 
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excesses  being  on  the  short  sjDans  and  on  counter  shears,  where  they  Mr.  Selby. 
should  be.     The  greatest  percentages  of  difference  are  as  follows : 
i  20-ft.  pane] 7.7% 


f  20 
f  20 
f  29 
i  20 
^  29 


...  12.3% 
...  8A% 
...  8.3% 
...  3.6% 
...     7.0% 

50  —  72 


The  equation  of  the  parabola  is  E,  for  one  truss,  —  ^^  .  -  -^g 
which  n  =■  number  of  panels  unloaded,  and  N  =  whole  number  of 
panels.  The  values  of  ^by  this  formula,  for  the  different  panel  ratios, 
are  shown  in  Table  No.  14. 

TABLE  No.  14. 


Panels  unloaded. 

Whole  Number  oe 

Panels. 

5 

6 

r 

8 

9 

47 
38 
24 
4 

48 
42 
32 
18 
0 

49 
44 
37 
26 
13 

49 
46 
40 
33 
22 
10 

49 

2 

46 

3 

42 

4               

36 

5                                                               

28 

6 

18 

7        ....                               .    ..              

6 

The  use  of  this  formula  (or  Table  No.  14)  for  E,  in  a  specification, 
would  give  shears  substantially  equal  to,  and  never  appreciably  less 
than,  those  by  Cooper's  Specification. 

The  values  of  E  for  truss  moments  do  not  vary  much  below  40  for 
one  truss.  Using  a  constant  value  of  40,  the  greatest  percentages  of 
excess  are  as  follows : 

f  20-ft.  pane^ .  .  . . ; 6.5% 

f  20  "        '•     4.4% 

t  32  "        "     3.4% 

f  35  "        "     4.1% 

I  32  "        "     3.1% 

*  35  "        •'     3.7% 

An  inspection  of  the  diagrams,  Figs.  8  and  9,  shows  that  the 
method  j^roposed  by  Mr.  Cowles,  of  using  the  uniform  train-load 
headed  by  the  maximum  floor-beam  reaction,  will  generally  give  results 
too  small.  The  panel  excess  derived  from  the  floor-beam  reactions 
for  panels  of  20  to  35  ft.  varies  from  25.6  to  27.5,  and  averages  26.5  for 
one  truss. 

It  will  be  seen  that  the  necessary  excess  is  greater,  and  usually 
much  greater,  than  this,  except  for  counter  shears  and  short  plate- 
girders.     The  writer  knows  of   one  bridge  now  being   built  under 
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Mr.  Selby.  Cooper's  Specifications,  in  which  the  equivalent  loading  is  taken  as 
4  000  lbs.  jjer  foot,  with  50  000  lbs.  excess.  The  specifications  of  a 
prominent  system  call  for  two  classes  of  loading:  Class  A,  5  000  lbs. 
per  foot,  with  50  000  lbs.  excess;  and  Class  B,  4  000  lbs.  per  foot,  with 
40  000  lbs.  excess.  It  is  evident  from  the  diagrams  that  these  values 
of  20  and  25  for  E  are  too  small  to  give  consistently-designed  bridges 
for  a  uniform  train-load  headed  by  two  correspondingly  heavy  consoli- 
dation engines. 

It  may  seem  strange,  at  first  glance,  that  the  values  of  E  should  be 
smaller  for  short  plate-girders  than  for  longer  ones,  but  it  will  be  found 
that  the  value  of  E  divided  by  the  spa7i  length  is  greater  for  the  short 
spans  than  for  the  long  ones;  that  is,  the  "  equivalent  uniform  load," 
increases  as  the  span  decreases. 

A  specification  based  on  the  foregoing  formulas,  viz.,  the  use  of  a 
uniform  load  of  2  000  lbs.  per  foot  for  one  truss  or  girder  with  a  single 
excess,  determined  by — 

J57  =  40  for  truss  moments, 

^  =  50  -  72  -^  "       "     shears, 

i?  =  25  -t-  ^  L  "  plate-girder  end  shears,  and 
^  =  22  +  hj  i  "  "  "  moments  and  center  shears, 
would  surely  give  a  consistently  proportioned  structure,  with  stresses 
as  nearly  equivalent  to  the  actual  quiescent  ones  as  it  is  possible  to  obtain 
by  simple  methods.  The  uniform  load  is  constant,  and  the  values  of  E 
are  determined  by  easily  memorized  formulas,  no  tables  or  diagrams 
being  necessary.  Mr.  Waddell's  "  equivalent  uniform  load  "  method  is 
necessarily  cumbersome,  because  the  load  for  any  given  span  has  to  be 
taken  from  a  diagram  plotted  from  comjjuted  equivalents,  and  cannot  be 
memorized.  The  diagram  must  be  before  one  when  beginning  the  com- 
piitation  of  a  span.  Mr.  Waddell,  in  his  discussion,  says:  "In  these 
tables  the  best  possible  showing  was  made  for  both  the  'Single-Concen- 
tration Method '  and  the  '  Double-Concentration  Method. '  "  It  is  evident 
that  it  is  not  the  best  possible  showing  for  the  single-excess  method  to 
compare  results  obtained  by  using  a  constant  value  of  E  with  those 
obtained  by  using  a  variable  value  of  uniform  load  computed  for  the 
cases  compared.  To  illustrate  by  an  extreme  case,  if  the  variable 
excesses  from  Table  No.  13  were  used  in  a  comparison,  the  showing 
for  the  single-excess  method  would  be  very  good,  indeed,  as  the  per- 
centage of  error  woiald  be  zero  in  every  case.  It  has  been  shown  that 
the  differences  from  using  the  foregoing  simplified  formulas  are  very 
small,  except  for  spans  less  than  20  ft.,  and  that,  in  all  cases,  the  excess 
of  metal  resulting  is  jjlaced  where  it  will  do  the  most  good. 

Finally,  by  introducing  the  consideration  of  impact,  and,  bearing 
in  mind  the  widely  varying  ideas  as  to  the  projjer  allowances  therefor, 
it  becomes  possible  to  simplify  still  further  the  specified  loading,  and 
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to  compute  at  one  operation  both  the  quiescent  stresses  and  the  impact  Mr.  Selby. 
allowance.     Tables  Nos.  15,  16  and  17  show  the  percentage  of  excess 
stress  from  using  a  constant  value  of  E  for  all  purposes,  and  a  com- 
parison with  the  allowance  for  impact  specified  by  the  railroad  sys- 
tem with  Avhich  the  writer  is  connected.     The  formula  for  impact  is 

/  = in  which  L  is  the  span  length  for  plate-girders  and  for 

truss  moments,  and  is  the  length  of  span  loaded  for  truss  shears. 

TABLE  No.  15.— Plate-Gikdek  Spans. 


25  ft. 

50  ft. 

75  ft. 

100  ft. 

125  ft. 

Moments      E  —  50 

54%- 
33V 

30,V 

31    X 

18.5>s- 
15    X 

22    X 
12    X 
6.2X 
12    X 

l&X 
9X 

ox 

9.5^ 

"              E  -  40 

ZSiX 

End  Shears  E  -  50 

0    X 

Impact          I  =  j:^q 

t.5X 

TABLE  No.  16.— Teuss-Oentee  Moments,  20-ft.  Panels. 


5  panels. 

6  panels. 

7  panels. 

8  panels. 

9  panels. 

E-  50 

14.V 
9.V 

10    X 

t.vx 

6.5^ 
6.7^ 

5.65^ 
6    X 

5    X 

Impact 

7-       ^0     

5.BX 

i  +  10 

TABLE  No.  17.— Tkuss  Shears.    9  Panels  at  20  ft. 


Panel  points 

1. 

2. 

3. 

4. 

5. 

6. 

7 

E  -50 

0.6^ 

e.o.v 

s.s.v 

0.7X 

5. OX 
1.TX 

wx 

9X 

19.V 

nx 

ux 
ux 

58.5X 

Impact     /-^2^ 

20.0%- 

^                 L+10 

Ideas  vary  so  much  as  to  the  correct  allowance  for  impact,  that  the 
above  formulas  will  answer  for  comparison  as  well  as  any,  and  the  corre- 
spondence is  close  enough  to  make  it  plain  that  the  use  of  a  constant 
single-excess  load  for  all  sjians,  except  plate-girder  spans  under  20  ft. , 
comes  very  near  to  giving,  with  one  operation,  the  desired  result, 
namely,  the  actual  stress  plus  the  impact. 

The  writer  would,  therefore,  favor,  for  a  standard  railroad  bridge 
specification,  the  use  of  a  uniform  load  of  4  000  lbs.  per  foot  of  track, 
together  with  a  single  excess  of  100  000  lbs. ,  placed  at  the  most  effective 
point,  with  no  other  allowance  for  impact  for  all  spans  over  about 
20  ft.  For  spans  under  20  ft.  stresses  would  be  determined  by  a 
series  of  the  heaviest  j)assenger-axle  loads  with  an  impact  allowance  of 


/  = 


10 

i-t-10  ■ 
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Mr.  Prichard.  Henry  S.  Pkichaed,  M.  Am.  Soc.  C.  E.  (by  letter). — If  the  term 
Eailroad  Bridge  is  understood  to  include  tlie  track,  then  the  loads  to 
which  railroad  bridges  are  subjected  are  concentrated  wheel-loads. 
These  loads  are  somewhat  distributed  over  the  remainder  of  the 
structure  bv  the  track,  which  slightly  lessens  the  stresses  in  the  con- 
nections of  stringers  to  floor  beams  and  reduces  very  considerably 
the  pressures  on  ties  and  on  local  points  in  the  flanges  of  stringers, 
but,  except  in  these  regards,  the  stresses  produced  are  the  same  as  if 
the  loads  were  concentrated  directly  on  the  flanges  of  the  stringers. 

The  most  accurate  method  of  specifying  the  loading  to  which  a 
bridge  is  subjected  is,  of  course,  that  of  specifying  the  actual  loads. 
For  present  conditions,  the  critical  loadings  are  approximately  know- 
able,  therefore,  for  present  conditions,  the  most  accurate  method  of 
specifying  the  loading  is  to  sjaecify  wheel  concentrations.  If,  in  a 
bridge  designed  for  present  conditions,  the  loads  increase,  but  still 
maintain  the  same  relations  between  the  various  wheel  concentrations 
of  both  the  engines  and  the  cars,  then  the  live-load  stresses  will  be 
increased  in  the  same  proportion,  and  if  the  bridge  was  originally 
well  designed  for  the  original  wheel  concentrations,  the  distribution 
of  the  material  will  remain  the  most  economical  for  the  increased 
loading.  Even  if  the  relations  between  the  wheel  concentrations 
should  vary  greatly  in  the  future,  in  a  manner  not  intentionally  pro- 
vided for,  there  is  no  reason  to  suppose  that  any  method  other  than 
that  of  specifying  wheel  concentrations  would  be  more  accurate  as 
regards  these  future  conditions,  except  by  mere  chance.  From  the 
foregoing  facts,  it  is  evident  that,  as  far  as  accuracy  is  concerned, 
there  is  no  reason  why  wheel  concentrations  should  not  continue  to 
be  specified. 

Mr.  Scofield  and  Mr.  Snow  have  j^ointed  out,  what  few  if  any  will 
deny,  that  to  those,  inckiding  many  bridge  buyers,  who  are  not  expert 
in  bridge  design,  a  definite  engine-loading  is  more  intelligible  than 
methods  of  supposed  equivalents. 

In  fact,  the  method  of  specifying  wheel  concentrations  is  the  only 
one  which  those  who  are  not  experts  can  use  understandingiy  to  give 
a  close  equivalent  for  the  traffic  conditions  they  anticipate,  unless  they 
obtain  the  assistance  of  an  expert.  Even  for  experts,  the  easiest 
method  of  specifying  loads  which  satisfy  their  ideas  regarding  the 
traffic  conditions,  is  to  specify  the  engine  wheel-concentrations. 

This  is  shown  by  the  fact,  well  illustrated  in  the  disciission,  that 
nearly  all  who  have  proposed  methods  other  than  by  wheel-concen- 
trations, have  arrived  at  the  loads  they  sjjecify  by  first  deciding  on 
certain  engine  wheel-concentrations  and  then,  with  more  or  less 
labor  (generally  considerable),  determining  on  supposedly  close 
equivalents. 

From  what  has  been  stated,  it  follows  that,  as  far  as  facility  in 
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writing  specifications  is  concerned,  there  is  no  reason  why  the  method  Mr.  Prichard. 
of  specifying  wheel  concentrations  should  not  be  continued. 

The  questions  of  accuracy  and  facility  of  specifying  the  loads  being 
decided  in  favor  of  the  method  of  engine  wheel-concentrations,  the 
question  of  the  wisdom  of  abandoning  its  use  depends  on  the  value  of 
the  advantage  as  to  accuracy,  compared  with  the  increased  cost,  if 
any,  by  which  this  advantage  is  obtained.  To  those  who  are  not 
familiar  with  the  short  ways  which  have  been  devised  for  determining 
the  stresses  from  wheel  concentrations,  or  who,  from  lack  of  practice, 
cannot  use  them  with  facility,  the  cost  of  making  the  calculations 
probably  seems  much  greater  than  it  really  need  be.  For  stringers, 
floor  beams,  hangers,  plate-girders  and  single-intersection  trusses, 
resting  on  two  supports,  the  calculation  of  the  stresses  from  concen- 
trated wheel-loads  by  proficient  specialists  is  a  very  simple  matter;  in 
fact,  it  takes  less  time  than  by  using  some  of  the  other  systems  which 
have  been  proposed,  and  the  cost  is  insignificant,  as  compared  with 
the  total  cost  of  the  bridge.  Such  cases  include  the  great  majority  of 
railway  bridge  work,  and  for  them  there  would  seem  to  be  little 
advantage  in  substituting  for  this  method  an  approximately  equiva- 
lent one,  even  if  a  satisfactory  one  is  obtainable.  Be  this  as  it  may,  it 
is  certain  that  before  the  method  of  wheel  concentrations  can  be 
abandoned,  some  other  method  or  methods  must  be  selected  to  take 
its  place.  From  present  appearances  it  would  be  a  perfectly  safe 
proposition  for  the  advocates  of  this  method  to  agree  to  abandon  its 
use  when  its  opponents  unite  in  recommending  some  other  to  take  its 
place. 

For  the  trusses  of  long  sjjans  it  is  not  especially  difficult  to  obtain 
other  methods  which  give  results  agreeing  closely  with  those  obtained 
from  any  system  of  wheel  concentrations  of  usual  type,  and  a  fair 
agreement  can  be  obtained  for  trusses  of  spans  of  moderate  length, 
but  for  short  spans  and  for  floor  systems  the  writer  knows  of  no  other 
method  which  gives  such  close  approximations  in  all  cases.  For 
miiltiple-intersection  trusses,  for  continuous  girders,  and  for  some 
other  special  cases  there  is  much  more  reason  for  adopting  some 
approximately  equivalent  method,  than  there  is  in  the  cases  previously 
discussed,  because,  for  such  cases,  the  use  of  the  method  of  wheel- 
loads  is  often  quite  comi^licated,  and  in  some  instances  it  is  extremely 
so.  For  such  cases,  even  when  wheel-loads  are  specified,  approxi- 
mately eqiiivalent  methods  are  frequently  allowed  and  used. 

There  is  one  j^hase  of  the  use  of  the  method  of  wheel  concen- 
trations which  requires  notice,  because  misai)prehension  regarding  it 
has  resulted  in  throwing  not  a  little  discredit  upon  it.  The  fact 
referred  to  is,  that  this  method  has  a  superficial  appearance  of  much 
nearer  approach  to  accuracy  than  it  really  possesses,  owing  to  the 
uncertainty  as  to  future  trafiic  conditions,  the  impossibility  of  making 
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Mr.  Prichard.  accurate  allowance  for  the  dynamic  effect  of  tlie  load,  and  other  per- 
tinent considerations.  This  fact  has  made  the  method  of  wheel 
concentrations  a  butt  for  ridicule.  In  as  far  as  this  ridicule  is  the 
means  of  disabusing  the  minds  of  those  who  would  otherwise  be 
deceived  by  the  seeming  accuracy  of  the  method  it  is  commendable, 
but  to  the  considerable  extent  by  which  it  discredits  the  real  advant- 
age as  to  the  accuracy  of  this  method,  as  compared  with  others,  it  is 
harmful.  The  thoughtful  advocates  of  the  use  of  the  method  of 
wheel  concentrations  advocate  its  use  in  spite  of,  and  not  in  conse- 
quence of,  its  seeming  accuracy,  because,  notwithstanding  the  fact 
that  it  is  really  far  from  accurate,  it  approaches  nearer  to  accuracy 
than  any  other  method.  If  those  who  believe  that  this  advantage  as 
to  accuracy  is  worth  what  it  costs  in  time  and  trouble  should  refrain 
from  using  this  method  simply  because  it  has  a  sui^erficial  appearance 
of  accuracy  which  is  decej^tive,  they  would  be  allowing  their  jiidgment 
to  be  influenced  by  purely  sentimental  considerations. 

While  the  fact  that  it  is  not  possible  to  obtain  the  stresses  from  the 
live  load  accurately  is  not  a  sufficient  warrant  for  abandoning  the  use 
of  the  method  of  wheel  concentrations,  it  affords  an  excellent  reason 
for  departing  from  the  exact  weights  and  spacings  of  the  wheel  con- 
centrations and  substituting  therefor  some  simplified  typical  engine. 
Mr.  Wing.  Chaeles  B.  Wing,  Assoc.  M.  Am,  Soc.  C.  E.  (by  letter). — With  our 
present  limited  knowledge  of  the  stresses  in  bridge  superstructures,  due 
to  rajjidly  moving  train  loads,  any  refinement  of  calculation  of  stresses 
from  assumed  loads  is  not  justified,  if  the  cost  of  the  structure  is 
thereby  increased.  To  quote  an  axiom  familiar  to  bridge  engineers : 
"  Stresses  should  not  be  figured  to  half  a  pound  when  you  guess  at 
the  load." 

In  discussing  the  advisability  of  discontinuing  the  use  of  the 
method  of  wheel  concentrations  in  determining  the  stresses  in  railway 
bridges,  certain  conditions  of  present  practice  should  be  considered 
carefully.  The  loading  now  in  common  use  is  that  of  wheel  concen- 
trations, and  there  seems  to  be  no  agreement  among  engineers  as  to 
the  best  substitute  for  this  loading. 

All  the  substitutes  generally  advocated  involve  the  use  of  wheel 
concentrations  in  their  comjiutation.  If  the  method  of  wheel  concen- 
trations is  specified  by  purchasers,  competition  among  bridge  manu- 
facturers compels  the  use  of  the  actual  wheel  concentrations  specified 
in  computing  stresses.  Railway  bridge  engineers  are  in  the  habit  of 
testing  the  strength  of  their  existing  structures  by  actual  engines. 
They  have  moment  diagrams  calculated  for  the  various  types  of 
engines  in  use  on  their  system,  and,  naturally,  j)refer  the  method  of 
wheel  concentrations  for  calculating  stresses.  Any  proposed  change 
in  the  present  method  of  specifying  the  load  must  meet  with  the  ap- 
jiroval  of  railway  bridge  engineers  if  it  is  to  be  adopted  for  general  use. 


DISCUSSION    ON    WHEEL    CONCENTRATIONS.  237 

The  principal   objection  urged  against  the  use  of  the  method  of  Mr.  Wing, 
wheel   concentrations   is   the   greater   labor   involved   in  calculating 
stresses  thereby. 

This  extra  labor  is  so  slight  that  its  cost  cannot  be  considered  a 
sufficient  reason  for  rejecting  the  method.  Few  engineers  connected 
with  bridge  shops  have  admitted  that  the  labor  is  great  when  a 
moment  diagram  has  once  been  computed.  Such  a  diagram  is  neces- 
sary for  computing  any  of  the  substitute  methods  suggested. 

The  writer,  therefore,  suggests,  as  a  solution  of  the  question  under 
discussion,  that  railway  engineers,  in  writing  specifications,  include 
a  moment  diagram  of  the  wheel  concentrations  as  a  part  of  the  speci- 
fication. 

This  will  reduce  materially  the  labor  of  the  estimating  department 
of  every  bridge  manufactory,  no  matter  what  system  of  loading  is 
finally  adopted  for  computing  stresses. 

Such  moment  diagrams  are  part  of  the  office  equipment  of  every 
railway  bridge  engineering  department,  and  including  them  in  a 
specification  involves  no  extra  labor  on  the  part  of  the  bridge 
purchaser. 

Edgae  Maebukg,  M.  Am.  Soc.  C.  E.  (by  letter). — The  current  dis-  Mr.  Marburg, 
cussion  of  the  faults  and  merits  of  the  method  of  wheel  concentrations 
seems  to  indicate  that  the  settlement  of  this  long-mooted  question  is  as 
remote  to-day  as  it  has  ever  been.  The  so-called  "  equivalent-load 
systems  "  bid  fair  to  rival,  in  variety  and  in  multiplicity,  the  M'heel 
systems  which  tbey  are  designed  to  supplant.  The  only  hope  of  an 
approach  to  some  agreement  would  seem  to  lie  in  a  report  on  the  sub- 
ject by  a  Special  Committee.  The  writer  shares  the  view  expressed  by 
Mr.  Thacher,  that  unification  will  never  be  achieved  through  the  efi'orts 
of  any  single  individual.  If,  on  the  other  hand,  a  Committee  would 
formulate  a  very  limited  number  (perhaps  not  exceeding  three  or  four) 
of  "basic  "  wheel  systems,  in  which  the  loads  maybe  varied  through- 
out by  percentages  chosen  at  pleasure,  it  may  be  reasonably  exi)ected 
that  they  would  come  into  very  general  use.  This  excellent  method  of 
variation  by  percentages  has  already  been  adopted  by  Mr.  Cooper. 

It  would  seem  that  the  following  general  method  of  procedure 
should  meet  with  the  approval  of  the  most  ardent  partisans  of  both 
factions.  The  opjjonents  of  wheel  systems  could  then  center  their 
eflbrts  upon  the  few  standard  systems  which  might  be  chosen,  and 
derive  the  necessary  "  constants  "  and  "  variables  "  for  the  particular 
scheme  in  view,  with  any  desired  degree  of  elaboration.  From  the 
standpoint  of  the  bridge  companies,  and  expert  computers  generally, 
the  objection  is  not  so  much  to  wheel  systems  as  such,  but  to  the 
endless  and  needless  variety  in  which  they  appear. 

In  the  opinion  of  the  writer,  the  arguments  against  the  method  of 
wheel  concentrations  are  seldom  fairly  presented.     Without  reference 
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Mr.  Marbui-g.  to  the  speciilative  element  of  increased  loading  in  the  future,  there  are 
admittedly  a  dozen  or  more  important  reasons  in  support  of  the  well- 
known  and  universally  admitted  fact  that  the  computed  stresses,  based 
on  wheel  systems,  represent  at  best  only  fair  approximations  to  actual 
conditions.  There  is,  in  fact,  no  adequate  ground  for  assuming  that 
such  stresses  accord  any  better  with  the  maximum  stresses  in  service 
than  those  found  by  any  one  of  the  "  equivalent  "  methods,  provided 
the  two  sets  of  compiited  stresses  agree  within  reasonable  limits.  This 
latter  qualification  is,  however,  the  all-important  one.  It  may  be 
properly  claimed  that  no  simple  system  of  "  equivalent"  loading  has 
been  proposed  which  is  sufficiently  comprehensive  and  flexible  to  meet 
satisfactorily  the  many  "  special  cases  "  of  common  occurrence  in  miscel- 
laneous practice.  The  maximum  reactions  from  adjacent  spans  of 
unequal  lengths  may  be  cited  as  a  single  example.  This  applies  to 
viaduct  posts,  to  end  floor-beams  in  skew  bridges,  and  to  the  sus- 
penders for  the  latter.  Other  examples  may  be  found  in  swing  bridges, 
cantilevers,  turn-tables,  and  unusiial  constriTctions  and  combinations 
generally.  However  artificial  the  wheel  system  may  be,  it  has  the 
great  merit  of  consistency  under  all  conceivable  circumstances. 

The  comparisons  between  wheel  systems  and  "  equivalent "  systems 
are  usually  restricted  to  trusses  with  horizontal  chords,  although  the 
latter  are  the  exception  rather  than  the  rule  for  spans  exceeding  200  ft. 
While  the  ratio  of  the  chord  stresses  in  such  comparisons  remains,  of 
cou.rse,  unaffected,  by  the  inclination  of  the  chord,  that  of  the  web 
stresses  is  greatly  modified.  The  writer  has  occasionally  made  such 
comparisons,  but  not  in  sufficient  variety  and  number  to  warrant 
definite  deductions. 

From  the  standpoint  of  the  railroad  companies,  the  writer  would 
not  regard  it  exj^edient,  or,  in  fact,  safe,  to  abandon  the  wheel  system. 
A  prescribed  engine  loading  should  always  be  available  for  sjaecial 
conditions  and  as  a  general  criterion  in  doubtful  cases.  Tables  or 
diagrams  could  readily  be  appended  to  the  specifications,  giving  (a) 
the  maximum  bending  moments  and  shears  for  girders;  (b)  the  shears 
at  the  center  and  quarter  points;  (c)  the  floor-beam  reactions  for  equal 
panels;  and  (d)  the  eqiiivalent  uniform-loads  for  chord  stresses.  The 
latter  the  writer  would  determine  from  the  end  shear,  for  an  assumed 
average  panel  length,  rather  than  from  the  bending  moment  at  the 
quarter  point.  The  results  are  slightly  greater,  but  involve  no  errors 
(differences)  on  the  side  of  danger  in  the  end  panels.  Compared  with 
the  chord  stresses  from  the  wheel  system  itself,  the  increase  is  seldom 
greater  than  4%  (usually,  then,  in  only  a  single  panel),  and  very  seldom 
or  never  as  high  as  5  per  cent.  The  writer  has  applied  this  method 
for  several  years  in  practice  to  a  great  variety  of  wheel  loads  as  an 
approximate  check  on  the  more  refined  methods,  with  resixlts  as 
stated. 
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The  writer  prefers  tliis  method  of  equivalent  loads  also  for  web  Mr.  Marburg, 
stresses  in  trusses  with  parallel  chords.     It  obviates  the  differences  on 
the  side  of  danger  incidental  to  the  quarter-moment  method,*  provided 
the  forward  half-panel  loads  be  neglected,  as   should  be  done  in  all 


For  the  web  stresses  in  trusses  with  inclined  chords,  the  writer  is 
not  prepared  to  endorse  any  of  the  so-called  equivalent  methods,  nor 
is  he  aware  that  this  phase  of  the  subject  has  ever  been  sufficiently  in- 
vestigated. 

The  writer  prefers  the  above-mentioned  equivalent  uniform-load 
method  to  the  methods  of  added  single  and  double  concentrations,  not 
because  it  accords  better  with  the  stresses  from  wheel  loads  (in  fact, 
the  contrary  is  true),  but  on  account  of  its  greater  simplicity.  Besides, 
where  its  use  is  restricted  as  outlined  above,  the  errors  are  all  on  the 
side  of  safety. 

The  possibilities  of  the  added-concentration  methods  in  the  way  of 
so-called  accuracy  cannot  be  revealed  adequately  by  the  method  chosen 
by  Mr.  Waddell  in  compiling  his  tables  of  comparative  values.  Either 
the  concentrated  load  should  be  constant  and  the  uniform  load  variable, 
as  suggested  some  years  ago,f  or  vice  versa,  as  here  proposed  by  Mr. 
Selby. 

*  These  differences  may  be  much  greater  than  those  exhibited  in  Mr.  Waddell's 
tables  in  the  present  discussion.  See  Johnson's  "  Modern  Framed  Structures,"  pp.  107, 
108. 

t  Ibid,  p.  102. 
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WITH  DISCUSSION. 


The  most  dangerous  load  to  wliich  a  railway  bridge  is  subjected 
consists  of  a  somewhat  irregularly  distributed  series  of  train  weights, 
applied  to  the  track  at  the  points  of  contact  of  the  wheels,  and  to  the 
trusses  at  the  points  of  support  of  the  track  system.  The  actual  dis- 
tribxxtion  of  such  a  load  among  the  joints  of  the  trusses  is  in  some 
degree  uncertain;  some  assumption  must  be  made  before  the  problem 
of  computing  stresses  becomes  determinate.  In  view  of  this  uncer- 
tainty, some  engineers  prefer  to  simplify  the  j^roblem  by  reiDlactag 
the  actual  load  by  an  "equivalent  uniform-load,"  or  by  a  series  of 
equal  panel  loads,  or  by  some  combination  of  these.  Others  believe 
that  a  closer  approximation  to  actual  conditions  is  obtained  by  using 
a  series  of  concentrated  loads  representing  as  nearly  as  possible  the 
actual  weights  carried  by  the  wheels  of  the  locomotives  and  cars,  and 
assuming  each  load  to  be  apj^lied  to  the  truss  as  if  carried  by  a  simple 
beam  supported  at  the  two  adjacent  panel  joints. 


HOSKINS  ON"  POSITION"  OF  LOADS  ON  A  BRIDGE  TKUSS         241 

It  is  no  part  of  the  object  of  this  paper  to  consider  the  relative 
merits  of  these  different  assumptions.  The  results  of  the  following 
discussion,  although  especially  useful  in  treating  the  case  of  actual 
wheel  loads,  are  wholly  general,  so  far  as  the  character  of  the  load 
series  is  concerned.  This  paper  is  offered  as  a  contribution  toward 
the  unification  of  the  theory  of  maximiim  stresses  due  to  moving  loads. 

This  theory,  with  applications  to  the  various  cases  of  jaractical  im- 
portance, is  quite  fully  treated  in  manuals  and  text-books,  and  in 
special  papers  dealing  with  particular  methods.*  The  problem  pre- 
sents no  serious  difficulties  of  principle,  but  the  treatment  usually 
given  lacks  generality.  This  is  especially  true  of  that  part  of  the 
theory  which  deals  with  the  criterion  for  position  of  loads  causing 
maximum  stress,  a  special  analysis  being  commonly  given  for  each  of 
a  number  of  particular  cases.  From  this  lack  of  generality  arises  the 
chief  diflficulty  in  applying  the  rules  deduced.  The  use  of  a  special 
rule  or  formula  in  each  of  a  number  of  cases,  each  involving  a  special 
notation,  is  likely  to  prove  confusing,  even  when  each  case  in  itself  is 
sufficiently  simjjle. 

In  the  endeavor  to  generalize  the  treatment  of  this  problem,  the 
author  was  led  to  a  result  simple  in  form  and  easily  applicable  to  the 
various  particular  cases.  By  the  use  of  a  simple  general  notation, 
the  criterion  for  maximum  stress  assumes  the  same  form  for  all  mem- 
bers, whatever  their  position  in  the  truss. f  The  deduction  of  this 
general  criterion,  with  examples  illustrating  its  application  in  various 
cases,  is  the  object  of  this  paper. 

Genekaxity  of  the  Discussion. 
It  will  be  well  to  make  clear  at  the  outset  the  exact  degree  of  gener- 
ality of  the  discussion. 

As  regards  form  of  truss  and  choice  of  member,  there  is  no  restric- 

*  "  The  Stresses  in  Framed  Structures,"  by  A.  Jay  Du  Bois. 

'•  The  Theory  and  Practice  of  Modern  Framed  Structures,"  by  J.  B.  Johnson,  C.  "W. 
Bryan  and  F.  E.  Turneaure. 

"  Text- Book  on  Roofs  and  Bridges,"  by  Mansfield  Merriman  and  H.  S.  Jacoby. 

'•  On  the  Calculation  of  the  Stresses  in  Bridges  for  the  Actual  Concentrated  Loads," 
by  Geoi-ge  F.  Swain.     Transactions,  Am.  Soc.  C.  E.,  Vol.  xvii  (1887). 

"  A  New  Graphical  Solution  of  the  Problem,  What  Position  a  Train  of  Concentrated 
Loads  Must  Have  in  Order  to  Cause  the  Greatest  Stress  in  Any  Given  Part  of  a  Bridge 
Truss  or  Girder,"  by  Henry  T.  Eddy.     Transactions,  Am.  Soc.  C.  E.,  Vol.  xxii  (1890). 

t  The  general  formula  expressing  this  criterion  was  given  by  the  author  in  a  paper 
presented  to  the  Wisconsin  Academy  of  Sciences,  Arts  and  Letters,  in  December,  1893, 
and  published  in  Vol.  x  of  the  Transactions  of  the  Academy.  The  proof  there  given, 
though  rigorous,  was  less  simple  than  that  now  offered.  A  third  proof,  based  upon  a 
general  graphical  treatment  of  the  problem,  and  depending  upon  elementary  properties 
of  the  funicular  polygon,  is  given  in  the  author's  "Elements  of  Graphic  Statics,"  Re- 
vised Edition  (1899). 
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tion,  except  that  the  stress  must  be  "simply  determinate."  By  this 
it  is  to  be  understood  that  the  member  under  discussion  may  be  taken 
as  one  of  three,  through  which  a  section  may  be  passed  completely 
dividing  the  truss.  Figs.  1  to  6  show  six  cases  to  which  the  analysis 
applies,  the  member  under  consideration  being  in  every  case  marked 
k,  and  the  section  dividing  the  truss  being  represented  by  a  broken 
line. 

As  regards  the  load  series,  this  may  consist  of  any  distributed  or 
concentrated  loads.  A  concentrated  load,  however,  is  to  be  regarded 
as  distributed  over  a  finite,  though  short,  horizontal  length.  This  does 
not  limit  the  discussion,  so  far  as  practical  applicability  is  concerned, 
since  the  concentrated  loads  of  practice  do,  in  fact,  act  in  the  manner 
assumed.  A  concentrated  load,  in  the  strict  mathematical  sense  (a 
finite  load  applied  at  a  mathematical  point),  has  only  an  ideal  exist- 
ence. Even  such  ideal  loads  may  be  regarded  as  limiting  cases  of  dis- 
tributed loads,  and  there  is  no  difficulty  in  giving  a  discussion 
rigorously  applicable  to  such  an  ideal  load  series.  But  the  language 
used  in  the  following  analysis  is  exact  only  when  such  ideal  concen- 
trated loads  are  excluded. 

Deiinitions  and  Notation. 

Stress- Moment  and  Moment-Center. — Suppose  the  stress  in  any  mem- 
ber to  be  determined  by  the  "  method  of  moments."  For  this  purpose 
the  truss  is  conceived  to  be  divided  by  a  section  cutting  the  member  in 
question  and  two  others;  the  intersection  of  the  axial  lines  of  these  two 
is  taken  as  the  origin  of  moments  in  applying  the  equation  of  equilib- 
rium to  either  of  the  two  parts  of  the  truss.  Let  this  origin  be  called 
the  moment-center  for  the  member  under  consideration,  and  let  the 
moment  of  the  required  stress,  with  respect  to  this  origin,  be  called 
the  stress-moment.  Numerically,  the  value  of  the  stress-monent  is 
equal  to  the  sum  of  the  moments  of  the  external  forces  acting  upon 
either  of  the  two  portions  into  which  the  truss  is  divided  by  the  sec- 
tion; algebraically,  two  cases  are  to  be  distinguished  by  the  signs  plus 
and  minus.  Calling  clock-wise  rotation  negative,  let  the  stress- 
moment  be  called  positive  when  it  resists  a  tendency  of  the  left-hand 
portion  of  the  truss  to  rotate  negatively,  and  of  the  right-hand  portion 
to  rotate  positively,  with  reference  to  the  moment-center. 

The  kind  of  stress  in  any  member  may  be  determined  by  inspection 
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of  the  truss  diagram,  when  the  sign  of  the  stress-moment  and  the  posi- 
tion of  the  moment-center  are  known. 

Notation. — Of  the  three  members  cut,  in  dividing  the  truss,  one 
belongs  to  the  chord  at  whose  joints  the  moving  loads  are  applied  to 
the  truss.  Let  the  ends  of  this  member  be  designated  in  all  cases  by 
C  and  B',  and  let  A'  and  B'  be  the  points  of  supj^ort  of  the  truss. 
Let  the  moment-center  for  any  chosen  member  be  designated  by  F' . 
Projecting  the  five  points  A',  B',  C,  B'  and  F'  upon  a  horizontal  line, 
let  their  projections  be  marked  A,  B,  C,  B  and  F.  The  relative  posi- 
tions of  these  points  in  each  of  several  cases  are  shown  in  Figs.  1  to  6, 
the  member  whose  stress  is  under  consideration  being  in  every  case 
marked  k. 

-LeiAB^l,AF=k,FB  =  U; 
CB  =  n,  G F  =  til,  FB  =  «,. 

Let  the  signs  of  the  four  quantities  l^,  ^,  71^  and  n.,  conform  to  the  order 
of  the  letters  used  in  defining  them,  the  positive  direction  being  from 
left  toward  right.  Thus  ^i  and  l.^  are  both  positive  if  F  falls  between 
A  and  B;  n^  and  7i2  are  both  positive  if  F  falls  between  G  and  B.  In 
all  cases  l^-\-  l^^l  and  n^  -\-  n.,  =  n. 

Let  the  load  per  unit  length  at  any  point  be  denoted  by  u\  The 
only  restriction  as  to  the  value  of  w  is  that  it  shall  be  either  finite  or 
zero  at  every  point.  The  only  case  thus  excluded  is  that  of  ideally 
concentrated  loads  above  mentioned.  At  the  point  of  application  of 
an  actual  concentrated  load  w  becomes  very  great,  but  not  infinite. 

Let  the  values  of  w  at  A,  B,  G  and  B,  respectively,  be  denoted  by 
Wa,  Wi,  w^  and  «',j. 

Let  W  =  total  load  on  the  span  A  B  ; 
Q   =  "  "     "  panel  GB; 

Pi=  "  "    AG; 

F.,=  "  "    BB. 

Identically,  TF  =  Pj  -h  P.,  -f  Q. 

Deduction  of  Cbiteeion  fob  Maximum  ok  Minimum  Steess. 

In  the  following  analysis,  direct  reference  will  be  made  to  the  case 
shown  in  Fig.  1,  in  which  the  four  quantities  l^,  l^,  n^  and  n.^  are  all 
positive.  It  will  be  seen,  however,  that  the  reasoning  applies  to  any 
of  the  cases  shown  in  Figs.  2  to  6  if  regard  be  had  for  algebraic  signs. 
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Value  of  Stress-Moment. — The  magnitude  of  the  resultant  load  on 
ACis  Pi;  let  the  distance  of  its  line  of  action  from  A  be^:)i.  Similarly, 
let  P2,  the  resultant  of  the  loads  on  DB,  act  in  a  line  distant  p2  from  B; 
and  let  Q,  the  resultant  of  the  loads  on  CB,  act  in  a  line  distant  g^ 
from  G  and  q.y  from  B. 

The  stress-moment  due  to  Pi  may  be  found  by  applying  the  prin- 
ciples of  equilibrium  to  the  portion  of  the  truss  at  the  right  of  the 

section  MN  (Fig.  1).     The  reaction  at  B  is  -~  ;  the  moment  of  this 

reaction  with  respect  to  the  moment-center  is  — (Pii?i),  which  is  there- 
fore the  value  of  the  stress-moment  due  to  P,. 

The  stress-moment  due  to  P2  is  found  in  a  similar  manner,  by  con- 
sidering the  equilibriiim  of  the  portion  of  the  truss  to  the  left  of  the 

section  il/iV;  the  value  being  -j-  [P.,p^. 

L i^^riri^J< tt, •i>i<- h  -  ■"'2 --^. 

^ L 1 . 

Fig.  7. 

Of  the  load  Q,  the  portion   ^Jl^  is  applied  to  the  truss  at  C,  and 

the   portion  -^  at  B.     The  effect  of  the  former  is  found  as  in  the 

n 

case  of  P,;  /,  —  n,  taking  the  place  of  /),  and  -^^,  the  place  of  P.;  the 

I'll  o  i  11  ,^j  X  1 

stress-moment  due  to  this  i^art  of  Q  is  therefore  ~ 7^    {QQ.2)'' 

w^hile  the  stress-moment  due  to  the  jjortion  at  B,  determined  as  in  the 

case  of  Po,  is  in  like  manner  found  to  have  the  value  — '    ^  (QQi)- 

These  values  are  all  positive  in  the  case  shown  in  Fig.  1. 

The  stress-moment  due  to  the  total  load  on  the  truss  is  the  sum  of 
these  four  quantities,  or 

(QQz) (1) 


n  I 
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Change  of  Stress- Moment  Due  to  Small  Displacement  of  Loads.— "Lei 
the  load-series  receive  a  small  displacement  8  x  toward  the  left  (this 
being  taken  as  the  positive  direction  for  displacements),  and  let  8  M 
denote  the  restilting  increment  in  the  value  of  M.  To  compute  8  Mii 
is  necessary  to  determine  the  increments  of  the  four  quantities  PiPi, 
P^lh^  Q  ?!  and  Qq^.  Of  these  quantities,  the  first  is  the  moment  of  P^ 
with  resi^ect  to  A,  the  second  is  the  moment  of  P.2  with  respect  to  B, 
the  third  is  the  moment  of  Q  with  respect  to  C,  and  the  fourth  is  the 
moment  of  Q  with  respect  to  D. 

During  the  displacement,  loads  «'„  S  x,  tc^  8  x,  w^  8  x  and  v\j^  8  x  pass 
the  points  A,  B,  G  and  D,  respectively. 

After  the  displacement,  the  load  which  has  replaced  P^  is  the  re- 
sultant of  three  components,  as  follows:  (1)  The  original  load  Pj,  acting 
in  a  line  distant  p^  —  5  x  from  A,  (2)  a  load  w^  8  x,  acting  just  at  the  left 
of  C,  this  being  the  amount  of  load  which  passes  C  during  the  dis- 
placement, and  (3)  a  negative  load  equal  to  w^  8  x,  acting  just  at  the 
left  of  A,  this  being  the  amount  of  the  load  which  passes  off  the  truss 
at  A  during  the  displacement.  The  new  value  of  P^Pi  is  the  sum  of 
the  moments  of  these  three  comj^ouents  with  respect  to  A.  Therefore, 
neglecting  powers  of  8  x  higher  than  the  first,  we  have,  as  the  value  of 
PiPi,  after  the  displacement,  Pj  (/>,  —  8  ,r)  +  ir^  (Zj  — ?-!j)  8  x. 

Similarly,  the  load  which  has  replaced  P.j  is  the  resultant  of  a  load 
P.2  acting  at  a  distance  p^  -\-  8  x  from  B,  a  load  ^t'^  8  x  acting  just  at  the 
left  of  B,  and  a  negative  load  w^  8  x  acting  just  at  the  left  of  D.  The 
new  value  of  PjPgis  the  sum  of  the  moments  of  these  three  comjio- 
neiits  about  D,  or  Pg  (^2  +  ^  ^)  —  "^'tj  (^2  —  ^h)  ^  ■^'^ 

Similar  reasoning  gives  for  the  new  values  of  Q  q^  and  Q  q.,, 
Q  {qi  —  8  x)  4-  u\^  n  8  ,v  and  Q  {q2  -{-  8  .r)  —  w^  n  8  x. 

The  value  of  il/ after  the  disi^lacement  is,  therefore, 

J/+5J/=i  [p,(pi-5.r)]+i  [p2(/>,  +  5.r)] 

the  terms  involving  w^  and  w^j  disapj)earing  from  the  simplified  result. 
The  increment  of  il/ caused  by  the  displacement  is 

Dividing  by  8  x  and  passing  to  the  limit,  8  x  approaching  zero, 
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i|-  =  A(P,+  ';l=§)-'^(P,  +  ^§) (2) 

Condition  for  Maximum  or  Minimum  Stress. — The  condition  for  maxi- 
nmm   or   minimum  value  of  M  (and  therefore  also  of  the  stress),  is 

-— —  :=  0  ;  which  gives  the  equation 

-^^li_-^^il_jr ,3^ 

the  third  member  of  the  equation  being  obtained  by  adding  the  nu- 
merators and  denominators,  respectively,  of  the  fractions  forming  the 
first  and  second  members. 

This  general  equation  is  satisfied  whenever  the  stress  in  the  member 
is  a  maximum  or  a  minimum.  That  it  aj^plies  to  any  one  of  the  cases 
shown  in  Figs.  2,  3,  4,  5  and  6,  may  be  verified  by  following  the  above 
reasoning  through,  taking  account  of  the  algebraic  sign  of  every 
quantity  dealt  with.* 

Special  Forms  of  the  General  Criterion. — For  practical  use  it  will  gener- 
ally be  found  convenient  to  put  Equation  (3)  in  one  of  the  following 
forms : 

A  +  ^§  =  ^ir (3«) 

P.^^'hQ=^kw. {3b) 

unless  the  moment-center  is  at  infinity.  In  this  case  (Fig.  4)  these  equa- 
tions take  indeterminate  forms.     But  since  when  this  occurs  —  =  1  and 

—  =  1,  both  equations  may  be  reduced  to  the  form:t 

<2=-^Tr (3c) 

In  addition  to  the  general  criterion  expressed  by  Equation  (3),  it  is 
necessary  to  have  some  means  of  distinguishing  between  positions  giv- 
ing maximum  and  those  giving  minimum  values  of  the  stress.  Further, 
since  the  stress  hi  any  member  will,  in  general,  pass  through  a  number 

*  P'or  the  case  represented  in  Fig.  1,  in  which  the  member  under  consideration  be- 
longs to  the  loaded  chord,  Z,,  l„,  Mj  and  n^  being  all  positive,  formulas  identical  with 
Equation  (3)  have  been  given  by  several  writers.  The  generality  of  the  formula  seems 
not  to  have  been  recognized. 

t  Equation  (3c)  is  identical  with  the  condition  for  maximum  shear  in  the  panel  con- 
taining the  web  member  under  consideration.  It  is,  of  course,  only  when  the  chords  are 
parallel  that  the  maximum  shear  and  maximum  stress  can  be  assumed  to  occur  simul- 
taneously. 
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of  maximum  values  as  the  loads  pass  over  the  bridge,  means  are  needed 
for  selecting  the  greatest  of  the  possible  maximum  values. 

A  general  criterion  for  distinguishing  between  jjositions  giving 
maximum  and  those  giving  minimum  values  will  be  deduced  below.  It 
will  be  well,  however,  first  to  consider  the  question  in  a  somewhat  less 
general  manner.  The  problem  of  distinguishing  between  maxima  and 
minima,  as  well  as  that  of  selecting  the  greatest  from  the  possible 
maximum  values,  may  be  treated  advantageously  by  the  use  of 
"influence  diagrams." 

iKFiiUENCE  Diagrams. 

A  very  full  and  clear  discussion  of  influence  lines,  with  applications 
to  the  determination  of  maximum  stresses  in  various  cases  of  practical 
importance,  has  been  given  by  George  F.  Swain,  III.  Am.  Soc.  C.  E. , 
in  the  paper  cited  on  page  241.  It  will  be  advantageous  to  present 
here  a  brief  treatment  of  this  subject  from  the  general  point  of  view 
adopted  in  the  foregoing  analysis. 

Influence  Line. — The  influence  line,  for  a  given  member  of  a  truss,, 
is  a  line  whose  ordinate  at  any  point  rejiresents  the  value  of  the  stress 
in  the  member  due  to  a  unit  load  at  that  point- 

General  Method  of  Drawing  Influence  Line.—  In  the  following  discus- 
sion any  ordinate  of  the  influence  line  will  be  regarded  as  agreeing  in 
sign  with  the  corresi^onding  value  of  the  stress-moment,  according  tO' 
the  convention  already  explained.  Positive  ordinates  will  be  drawn 
upward  from  the  reference  line,  negative  ordinates  downward. 

If  Jf  denotes  the  stress-moment  due  to  a  unit  load  in  a  given  position, 

and  t  the  perj^endicular  distance  from  the  moment-center  to  the  axial 

M 
line  of  the  member  under  consideration,  —  denotes   the  value  of   the 

ordinate  of  the  influence  line. 

Eeferriug  first  to  the  case  in  which  /^,  I,,  n^  and  n.,  are  all  iDositive 
(Fig.  1),  and  repeating  the  reasoning  already  given  in  determining- 
values  of  the  stress-moment  due  to  Pj,  P.,  and  Q,  the  following  results 
are  obtained: 

A  unit  load  between  A  and  C,  distant  x  from  C.  causes  a  stress 

~-.     This  changes  from  0  to  "     '    — 3-'   as  the  load  passes  from  A 
*  f  It 

to  a 
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Similarly,  as  a  unit  load  passes  from  B  to  D,  the  stress  due  to  it 
cnanges  irom  0  to  -^ — ~ . 

Of  a  unit  load  on  CD,  distant  x  from  C,  the  portion  '—    comes 

iipon  the   truss   at    C  and   -    at   D.     The   former   causes   the   stress 
n 

IJL  —  «j)        71 — :>•         T  ^,     1   ^,      ,1        .  L(l,—  n,)      x        ..tit 

"      ,_, — -  X  .and  the  latter  the  stress  -  ^^,  — ^x  — .     As  the  load 

It  n  It  n 

passes  from  C  to  Z>,  the  sum  of  these  values  changes  from  '  ^  '    — — - 

It 

From  these  results  it  is  seen  that  the  influence  line  consists  of  three 
straight  lines  A  Cy,  G^  Dy,  Dy  B  ;  the  ordinates,  C  Cy  and  D  Dj,  having 
values : 

CC,  = ~ ,    i>A- j-^ • 

If  the  various  cases  shown  in  Figs.  1  to  6  be  considered,  these  values 
are  found  to  be  correct  in  magnitude  and  sign  for  all  cases.  The  fol- 
lowing general  property  may  also  readily  be  verified: 

The  lines  AC\  and   BD^  (produced  if  necessary)  have  a  common 

ordinate  at  the  point  F.  its  value  being  -y^'. 

This  property  gives  the  following  general  rule  for  drawing  the  in- 
fluence line : 

At  F  erect  an  ordinate  equal  in  magnitude  and  sign  to  ~,  and 
draw  straight  lines  from  its  extremity  to  the  points  A  and  B.  Con- 
necting Cy  and  Di,  the  jjoints  in  which  these  lines  intersect  ordinates 
erected  at  C  and  B,  respectively,  the  line  AC^  By  B  is  the  influ^ence 
line. 

It  will  be  seen  that,  so  long  as  the  moment-center  falls  within  the 
span,  so  that  both  ly  and  l^  are  positive,  the  ordinates  of  the  influence 
line  are  everywhere  positive.  This  is  the  case  in  Figs.  1,  2,  5  and  6. 
There  are,  however,  two  types  of  influence  line  with  ordinates  every- 
where positive,  corresponding  to  the  cases  in  which  F  falls  within  the 
panel  GB  (Fig.  I),  and  without  the  j)anel  (Figs.  5  and  6).  The  limit- 
ing case  between  these  two  is  shown  in  Fig.  2. 

If  the  moment-center  falls  without  the  span,  making  ly  or  l^  neg- 
ative, the  ordinates  of  the  influence  line  are  positive  in  one  portion  of 
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the  span  and  negative  in  the  remaining  portion.  Fig.  3  represents  the 
case  in  which  l^  is  negative,  the  ordinate  CC^  being  positive  and  DD^ 
negative.  The  line  Cj  D,  crosses  ^1  i?  at  a  point  E,  between  C  and  B. 
If  the  point  F  falls  at  infinity,  as  in  Fig.  4,  the  above  general  rule 
for  drawing  the  influence  line  by  means  of  the  ordinate  at  F  becomes 
inapplicable.  The  lines  F^  A,  Fy  B  are  in  this  case  parallel,  and  may  be 
drawn  by  means  of  the  general  values  previously  given  for  the  ordinates 
at  C  and  D.      It  may  be  noticed  also  that  if  A  C^  be  prolonged,  its 

ordinate  at  B  has  the  value  ~-  ;  and  if  B  By  be  prolonged,  its  ordi- 
nate at  A  has  the  value  — '-.  These  values  are  determinate  even 
when  /,,  I.y  and  t  are  infinite. 

When  the  load  series  consists  of  concentrated  loads,  the  question 
whether  any  certain  position,  in  which  the  general  equation  (3)  is  sat- 
isfied, gives  a  maximum  or  a  minimum  value  of  the  stress  may  usually 
be  determined  by  simple  inspection  of  the  influence  diagram.  It  is 
also  often  possible  to  determine,  with  high  probability,  which  of  several 
maximum  values  is  greatest,  without  actually  determining  the  values. 
These  questions  are  now  to  be  considered. 

DlSCKIMINATION   BETWEEN   MAXIMUM   AND   MINIMUM   VaLUES. 

Application  of  Inflmnce  Biagram. — Eeferring  to  Fig.  1,  and  observ- 
ing the  slope  of  each  of  the  three  straight  lines  forming  the  influence 
diagram,  consider  how  the  stress  in  the  member  A',  due  to  a  single  load, 
varies  as  the  load  moves  uniformly  from  B  toward  the  left.  During 
the  motion  from  B  to  B  the  stress  increases  at  a  uniform  rate;  from  B 
to  Cit  decreases  at  a  uniform  rate;  from  Cto  ^it  decreases  uniformly 
at  a  greater  rate.  If  the  load  moves  from  A  to  B,  these  effects  are 
reversed. 

Next  consider  the  effect  of  displacing  a  series  of  loads.  As  above, 
let  the  total  loads  on  A  G,  CD  and  B  B,  respectively,  be  denoted  by  Pj, 
Q  and  Pj-  I^  ^^^  loads  are  displaced  toward  the  left,  the  stress  due  to 
P2  increases,  while  the  stress  due  to  P^,  and  also  that  due  to  Q,  de- 
creases. The  resultant  of  these  three  efi'ects  may  be  either  an  increase 
or  a  decrease;  but  the  resultant  rate  of  change  of  the  stress  (whether 
increase  or  decrease)  remains  constant  as  long  as  Pj,  Po  and  Q  remain 
constant,  that  is,  as  long  as  no  load  passes  any  one  of  the  four  points 
A,  C,  B  and  B. 
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As  the  loads  appi-oach  a  position  causing  a  maximum  stress,  the 
value  of  the  stress  increases;  as  they  recede  from  such  a  position,  the 
value  of  the  stress  decreases.  The  reverse  changes  take  place  as  the 
loads  approach  and  recede  from  a  position  of  minimum  stress. 

First,  sui3pose  the  stress  is  increasing  as  the  loads  move  toward  the 
left.  If  a  load  comes  on  the  truss  at  B,  the  rate  of  increase  of  the 
stress  will  become  greater.  The  same  will  be  true  if  a  load  passes  off 
at  A.  If  a  load  jiasses  C  or  D,  the  rate  of  increase  of  the  stress  becomes 
less,  and  this  effect  may  be  sufficiently  great  to  change  the  increase 
into  a  decrease;  if  so,  the  stress  passes  through  a  maximum  value. 
Hence,  only  when  a  load  is  at  C  or  at  D  can  the  stress  be  a  maximum. 

Next,  suppose  the  stress  is  decreasing  as  the  loads  move  toward  the 
left.  If  a  load  passes  G  or  D,  the  rate  of  decrease  becomes  greater.  If 
a  load  comes  on  the  truss  at  B,  or  if  one  leaves  the  truss  at  A,  the  rate 
of  decrease  becomes  less,  and  this  effect  may  be  so  great  as  to  change 
the  decrease  into  an  increase;  if  so,  the  stress  passes  through  a  mini- 
mum value.  Therefore,  only  when  a  load  is  at  A  or  at  B  can  the  stress 
be  a  minimum. 

Like  reasoning  obviously  applies  to  the  cases  represented  in  Figs. 
2,  3,  4,  5  and  6.* 

Thus,  in  Fig.  2,  a  maximum  can  occur  only  with  a  load  at  D.  A 
load  at  C  can  give  neither  a  maximum  nor  a  minimum,  since  A  Cj  and 
Ci  Dy  form  a  continuous  straight  line. 

In  the  case  of  a  web  member,  represented  in  Fig.  3,  the  stress  may 
be  either  tension  or  compression.  The  kind  of  stress  corresponding  to 
a  positive  stress-moment  (tension  in  this  case),  can  have  a  maximum 
value  with  a  load  at  C  or  at  B,  a  minimum  value  with  a  load  at  A  or  at 
D.  For  the  ojDposite  kind  of  stress,  these  statements  must  be  reversed. 
Like  statements  hold  for  the  case  in  which  i^is  at  infinity  (Fig.  4). 

In  Fig.  5,  a  maximum  value  of  the  stress  in  the  member  k  can  occiu* 
only  when  a  load  is  at  C;  a  minimum  value  may  occur  when  a  load  is 
at  A,  at  D  or  at  B. 

In  Fig.  6,  a  maximum  value  can  occur  with  a  load  at  D,  a  minimum 

value  with  a  load  at  A,  at  C  or  at  B.     This  form  of  truss,  though  not  of 

practical  importance,  is  shown  in  order  to  illustrate  the  generality  of 

the  method.     Its  similarity  to  the  case  shown  in  Fig.  5  is  apparent  from 

♦The  actual  value  of  the  rate  of  increase  of  the  stress  as  the  loads  move  may  be 
computed  from  the  slope  of  the  three  portions  of  the  influence  line.  Using  the  values 
of  the  ordmates  at  C  and  D,  as  above  given,  this  method  leads  easily  to  Equation  (2),  and 
thus  also  to  the  general  criterion  (3). 
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a  comparison  of  the  influence  diagrams.  It  may  be  remarked  that,  as 
a  special  case  of  Pig.  6,  the  point  F  may  coincide  with  B  (or  with  A), 
making  l.^  (or  /J  zero.  The  ordinate  F  F^  would  be  zero,  and  the 
influence  line  would  have  to  be  constructed  from  the  values  of  the 
ordinates  at  G  and  D,  one  of  which  would  be  zero. 

Critical  Points. — It  appears  from  the  foregoing  discussion  that, 
when  the  load-series  consists  wholly  of  concentrated  loads,  the  stress 
can  have  a  maximum  or  a  minimum  value  only  when  a  load  is  passing 
some  one  of  the  four  points  A,  B,  Cand  D.  This  might  be  inferred  also 
from  Equation  (B),  since  only  in  exceptional  cases  can  this  equation  be 
satisfied  without  there  being  a  load  at  one  of  these  points.  Such  a 
load  may,  by  a  slight  displacement,  be  divided  in  any  desired  ratio 
between  the  adjacent  segments  of  the  span. 

These  four  points  may  be  called  critical  points,  and  may  be  dis- 
tinguished as  "maximum  points"  and  "minimum  i^oints,"  accord- 
ing as  the  passage  of  a  load  through  them  is  associated  with  a 
maximum  or  a  minimum  value  of  the  stress. 

The  foregoing  discussion  shows  that,  at  a  maximum  point,  the  in- 
fluence line  is  convex  upward  (/.  e.,  toward  the  positive  side),  while 
-at  a  minimum  point  it  is  concave  upward.  In  applying  this  statement 
to  the  points  A  and  B,  the  influence  line  is  to  be  extended  beyond 
the  span  as  a  horizontal  line. 

When  only  a  single  one  of  the  four  critical  points  is  occupied  by  a 
load,  or  if  such  occupied  points  are  either  all  maximum  points  or  all 
minimum  points,  the  form  of  the  influence  line  thus  shows  at  a  glance 
whether  the  stress  is  a  maximum  or  a  minimum.  To  make  the  discus- 
sion complete  it  is  necessary  to  consider  cases  in  which  Equation  (3)  is 
satisfied  while  loads  are  passing  both  maximum  and  minimum  points. 

General  Critetnon.—Jn.  order  to  deduce  a  completely  general  rixle  for 
discriminating  between  maximum  and  minimum  values,  consider  Equa- 
tion (2)  deduced  above : 

^=f(p.+  ^«)-^(p.  +  ^« m 

This  vahie  of   -r— ;■  remains  constant,  except  when  the  load  (either 

concentrated  or  distributed),  passes  some  one  or  more  of  the  "  critical  " 
points  A,  B,  C  or  D,  thus  changing  the  values  of  one  or  more  of  the 
quantities  P^,  P.^  or  §. 
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Assuming  a  small  displacement  of  the  load-series,  let  loads  W^,  TFj,, 
W^  and  Wfj,  resi^ectively,  jsass  the  four  critical  jjoints  A,  B,  Cand  D.  The 
change  in  the  vahie  of  —j^  may  be  found  from  the  changes  in  Pj,  P.^ 

and  Q.  For  a  positive  displacement  (the  loads  moving  toward  the 
left), 

Pj  changes  bv  the  amount  W,.  —  Tl'^,; 

P,  "'  -  W,-W,; 

Q  "  "        T^,-Ti^c- 

Hence   the   change    (written   as   an   increase)    in   the    value   of  — ^  is 

(TF|^  —  irj  ] ;  which  reduces  to 

'  (^■)  =  7  "'..  +  7  "'•  -  7?  "'  - 7i"  "'- (*) 

According  as  this  value  is  positive  or  negative,  the  value  of  —j-  in- 
creases or  decreases  as  the  loads  pass  through  the  supposed  position. 
As  a  position  of  maximum  stress  is  passed,  -y^  decreases ;    as  a  po- 

„     .   .  .  .  ,    <iM. 

sition  of  minimum  stress  is  passed,  -r—  increases. 

This  is  the  general  criterion  for  discriminating  between  maximum 
and  minimum  values  of  the  stress.  The  application  to  special  cases, 
in  which  Zj,  h,  «i  and  n.,  are  known  in  magnitude  and  sign,  jjresents  no 
difficulty. 

The  conclusions  above  reached  from  the  study  of  the  influence  dia- 
grams for  the  six  cases,  may  easily  be  verified  by  inspection  of  Equation 
(4).     Thus,  if  /j,  lo,  n^  and  n.,  are  all  positive  (Fig.  1),  the   first  and 

second  terms  in  the  value  of  d   ( — - — \  are  intrinsically  positive,  while 

the  third  and  fourth  are  negative.  Therefore,  for  a  maximum  stress 
either  W^.  or  W^  must  be  present,  while  for  a  minimum  stress  either 
Wg^  or  TF"^  must  be  present.     In  the  case  shown  in  Fig.  2,  the  third 

term  in  the  value  of  d    (  — ^  \  drops  out,  >?.,beins;  zero;  the  conclusions 

are  otherwise  the  same  as  in  the  preceding  case. 

In  Fig.  3,  li  and  H^  being  negative,  the  "  J.  "  and  "  i)  "  terms  in  the 

value  of  d   r-y-.  )  are  intrinsically  positive,  while  the  "  i?"  and  "  C" 
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terms  are  negative.  Hence  A  and  D  are  minimiim  points,  while  B  and 
C  are  maximum  points.  The  same  conclusions  aj^ply  to  the  case 
shown  in  Fig.  4,  although  every  term  in  the  second  member  of  Equa- 
tion (4)  is  infinite. 

In  Fig.  5,  »i  is  negative,  while  l^,  h  and  n.^,  are  positive.  Therefore, 
in  Equation  (4)  the  "A,"  "B"  and  "D"  terms  are  positive,  while 
the  "  C"  term  is  negative.     Hence  C'is  the  only  maximum  point. 

In  Fig.  6,  7*2  being  negative,  the  only  negative  term  in  Equation  (4) 
is  the  "  Z>  "  term.     Hence  D  is  the  only  maximum  jjoint. 


If  all  but  one  of  the  four  terms  in  the  value  of   S 


m 


when  the  condition  for  maximum  or  minimum  stress  (Equation  3)  is 
satisfied,  the  discrimination  between  maximum  and  minimum  values 
is  thus  very  simple,  being  readily  accomplished,  either  by  simple  in- 
si^ection  of  the  influence  diagram,  or  by  noticing  the  sign  of  the  single 
term  in  the  second  member  of  Equation  (4).  If  two  or  more  terms 
remain,  Equation  (4)  must  be  applied. 

Distributed  Loads. — Consider  next  the  case  in  which  there  is  a  dis- 
tributed load  at  each  of  the  four  points  A,  B,  C  and  D.  Equation  (4)  is 
still  applicable,  but  its  form  may  conveniently  be  changed.  In  accord- 
ance with  the  notation  used  in  the  deduction  of  Equation  (1),  let  w 
denote  the  load  per  unit  length  at  any  point,  and  let  w,,,  zr,,,  w^  and  u\,  be 
the  values  of  «•  at  A,  B,  Cand  D.  If  the  loads  receive  a  positive  dis- 
placement S  .r,  we  must  put,  in  Equation  (4): 

W„^  =  u\^  S  X,  W^  =  w,^  d  X,  W^  =  u\.  S  X  and  TF;,  =  u\^  8  x. 

The  result  is: 

d^  M        U  .     h  n.,  n. 

d  X'  I       "'     '      I       "  n       ''  n      "  ^  ' 

A  position  of  the  loads  satisfying  Equation  (3)  gives  a  maximum   or 

a  minimum  value  of  the   stress,  according   as  the  value  of   -7-^    is 

negative  or  positive.  If  the  value  of  «■  is  known  at  every  point,  the 
application  of  Equation  (5),  to  any  particular  case  in  which  l^,  U,  »j  and 
«2  are  known,  presents  no  difficulty. 

ComhinatioH  of  Concentrated  and  Distributed  Loads. — Another  case  is 
that  in  which  there  are  concentrated  loads  at  certain  of  the  critical 
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points,  W'liile  at  others  the  load  is  distributed.  This  occurs  "when  the 
load  consists  of  one  or  more  locomotives  followed  by  a  uniformly  dis- 
tributed train-load,  as  often  prescribed  in  bridge  specifications.     The 

value  of  d   (     ^      j    will  then  contain  part  of  the  terms  in  Equation 

(4)  and  part  of  those  in  Equation  (4a).  Since  the  latter  terms  contain 
the  factor  d  x,  they  will  be  very  small  in  comparison  with  the  former, 
and  may,  therefore,  generally  be  disregarded  in  applying  the  equation. 

Deterjunation  of  Greatest  Maximum. 

In  those  cases  in  which  loads  in  all  positions  cause  the  same  kind 
of  stress  in  the  member  under  consideration,  it  is  evident  that  for 
greatest  stress  the  span  should  be  loaded  as  fully  as  possible,  and 
that  the  heaviest  loads  should  be  so  placed  as  to  produce  as  great  an 
effect  as  possible.  Thus  in  Figs.  1,  2  and  6  the  heavy  loads  should  be 
near  D;  in  Fig.  5,  near  C.  This  is,  of  course,  only  a  rough,  general 
rule. 

When  a  reversal  of  stress  is  possible,  as  in  Figs.  3  and  4,  the  two 
kinds  of  stress  must  be  considered  separately.  Thus,  for  one  kind  of 
stress,  loads  should  cover  only  the  portion  A  E;  for  the  other  kind, 
only  the  jjortion  E B.  These  rules  are  not  absolute;  it  may  be,  that, 
if  loads  are  carried  beyond  E,  the  diminution  of  stress  due  to  such 
loads  will  be  more  than  counterbalanced  by  an  increase  due  to  bringing 
other  loads  nearer  to  their  positions  of  greatest  effect. 

By  inspection  of  the  influence  diagram  it  is  thus  possible  to  deter- 
mine, with  great  probability  in  many  cases,  which  of  two  maximum 
values  is  greater,  without  actually  computing  the  values.  In  some 
cases,  however,  it  may  be  necessary  to  compute  the  stress  for  each  of 
two  or  more  positions,  in  order  to  determine  with  certainty  which 
maximum  value  is  the  greatest. 

General  Eesults. 

The  determination  of  the  position  of  a  series  of  moving  loads  which 
■will  cause  the  greatest  stress  in  any  member  of  a  truss  thus  involves 
the  following  steps: 

(1)  The  approximate  determination  of  the  required  position  by  in- 
spection of  the  influence  diagram. 


HOSKINS  ON  POSITION  OF  LOADS  ON  A  BRIDGE  TRUSS. 


257 


(2)  The  testing  of  the  exact  criterion  expressed  by  Equation  (3),  or 
one  of  the  equivalent  Equations  (3a),  [Sb),  (3c). 

(3)  The  application  of  Equation  (4)  or  Equation  (5)  to  determine 
■with  certainty  whether  the  stress  is  a  maximum  or  a  minimum.  In 
the  majority  of  jsractical  cases  this  is,  however,  unnecessary,  the  in- 
spection of  the  influence  diagram  being  sufficient. 


NxjMEKiCAii  Applications. 

In  order  to  illustrate  clearly  the  application  of  the  general  criterion 
to  different  cases,  numerical  examples  will  now  be  solved,  involving 
the  cases  shown  in  Figs.  1,  3,  4  and  5. 

The  load-series  will  be  assumed  to  consist  of  two  locomotives  fol- 
lowed by  a  uniformly  distributed  load,  the  loads  and  intervals  being 
given  in  Fig.  9.  In  practice,  a  diagram  should  be  drawn,  showing  the 
lines  of  action  properly  spaced,  and  a  skeleton  diagram  of  the  truss 
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15     16       17     18 
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2.5  per  foot  \ 

7.5'l2.5'l7.5'22.5' 

31.5' 36.5' 42.5'47.5' 

55.5'    63.0'68.0'73.0'78.0' 

87.0'92.0'  98.0'l03.0' 

Dist.from 
t  St.  Load 

prepared  on  a  movable  strip  of  paper  or  on  tracing  cloth,  to  facilitate 
the  trial  of  different  positions. 

(1)  Member  of  Loaded  Chord. — Consider,  first,  the  case  shown  in  Fig. 
1,  the  dimensions  of  the  truss  being  as  marked  on  Fig.  8.  For  greatest 
stress  in  the  member  k  the  truss  must  be  fully  loaded,  and  the  effect  of 
the  heaviest  loads  will  be  greatest  if  these  are  near  the  point  B.  A 
maximum  value  can  occur  only  with  a  load  at  0  or  at  D.  It  remains 
to  test  the  general  equation  (3)  for  such  positions  as  these  general  con- 
siderations suggest. 

From  the  dimensions  of  the  truss,  we  have  I  =  150  ft.,  Zj  —  45  ft., 
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105  ft. ,  «  =  30  ft. ,  91]  =  15  ft.  and  n,  =  15  ft.     Equation  (3a)  therefore 


becomes  Pj  + 


Q  =  ^w. 


It  is  seen  that  there  is  a  conflict  between  the  requirements  that  the 
span  shall  be  fully  loaded,  and  that  the  heaviest  loads  shall  be  near  D. 

It  is  found  that  there  are  two  positions  in  which  the  conditions  for 
maximum  stress  are  satisfied — with  either  the  fourth  or  the  fifth  load 
at  C.  Between  two  maxima  there  must  be  a  minimum;  and  it  is  found 
that  between  the  two  positions  of  maximum  stress  there  is  another 
position  in  which  Equation  (3a)  is  satisfied.  The  numerical  data  for 
testing  these  three  positions  and  two  others  are  shown  in  Table  No.  1. 

Table  No.  1. 


Position. 

W 

i,r 

Pi 

Q 

F.  +  ^Q 

Third  load  at  C. . 

401  250 

120  375 

35  000 
60  000 

105  000 
120  000 
80  000 
95  000 

87  500 
95  000 
100  000 
107  500 

Criterion  not  satis- 
fied. 

Fourth  load  at  C 

Fourth  load   4.5 
ft.  left  of  C. . . . 

413  750 
425  000 

124  125 
127  500 

60  000 
85  000 

85  000 

95  000 
110  000 
70  000 
85  000 

85  000 

107  500 
115  000 
120  000 
127  500 

127  000 

Criterion  satisfied. 
Maximum. 

Criterion  satisfied. 
Minimum. 

Fifth  load  ate... 

426  250 

127  875 

85  000 
110  000 

85  000 
60  000 

127  500 
140  000 

Criterion  satisfied. 
Maximum. 

Tenth  load  at  D.. 

433  750 

130  125 

110  000 

60  000 
70  000 

140  000 
145  000 

Criterion  not  satis- 
fled. 

It  happens  that  when  the  fourth  load  is  at  C,  the  ninth  is  at  D. 
Hence,  Q  may  include  any  arbitrary  portion  of  each  of  these  two  loads. 
Thus,  if  the  whole  of  the  fourth  load  is  included  in  Q,  the  value  of  /*, 
is  60  000  lbs.,  while  Q  may  be  either  95  000  lbs.  or  110  000  lbs.  or  any- 
thing between,  depending  upon  what  portion  of  the  ninth  load  is  in- 
cluded in  Q.  If  the  whole  of  the  fourth  load  is  included  in  Pj,  the 
value  of  Pi  is  85  000  lbs.,  while  Q  has  any  value  from  70  000  to  85  000 
lbs.  The  values  corresisonding  to  these  four  limiting  cases  are  shown 
in  Table  No.  1.     Evidently  Pj  -j ^  Q   may  have   any  value   between 


107  500  lbs.   and  127  500  lbs.;   and  since -^    W 

n  L 

Equation  Py  -\ ?  §  =  -p^  TF  is  satisfied. 


124  125    lbs.,    the 
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Since,  in  the  position  of  minimum  stress  the  point  C  is  4.5  ft.  from 
the  fourth  load  and  only  0.5  ft.  from  the  fifth,  it  may  be  inferred  that 
the  stress  is  greater  when  the  fourth  load  is  at  G  than  when  the  fifth  is 
there.     This  may  be  verified  by  computing  the  values  of  the  stress. 

The  general  criterion  is  satisfied  in  no  other  position  which  seems 
favorable  for  greatest  stress.  The  conclusion  is  that  the  member  has  its 
greatest  stress  when  the  fourth  load  is  at  C. 

(2)  Web  Member. — Consider  next  the  case  of  a  web  member,  shown 
in  Fig.  3,  the  dimensions  of  the  truss  being  as  marked  in  Fig.  8.  The 
influence  line  shows  that  the  stress  is  subject  to  reversal,  so  that  tension 
and  compression  must  be  considered  separately.  It  will  suflBice  to  con- 
sider the  case  of  compression,  corresponding  to  negative  values  of  the 
stress-moment. 

Insp83tion  of  the  influence  line  shows  that  the  load  should  cover 
the  portion  EB  oi  the  span;  that  a  load  has  its  greatest  eft'ect  when  at 
D;  and  that  a  maximum  compression  can  occur  only  when  a  load  is  at 
B  (the  case  of  a  maximum  with  a  load  at  A  being  excluded  because  the 
portion  of  the  sjaan  AE  should  be  free  from  loads).  It  remains  to 
apply  the  exact  criterion. 

A  trial  of  successive  positions  shows  that  the  criterion  for  maximum 
stress  is  satisfied  when  the  second  load  is  at  D,  but  not  in  any  other 
position  which  seems  favorable  for  greatest  stress.  The  conclusion  is 
that  this  position  gives  the  greatest  compression  in  the  member.  The 
data  for  testing  three  positions  are  shown  in  Table  No.  2. 

From  the  dimensions  of  the  truss,  as  shown  in  Fig.  8,  we  have  /  = 
150  ft.,  Zj  =  —25  ft.,  /_,  =  175  ft.,  n  =  30  ft.,  n^  =  —55  ft.,  n^  =  85  ft.. 


and 


TABLE  No.  2. 


Position. 

W 

^- 

- 

Q 

P.+^Q 

First  load  at/).. 

295  000 

—49  167 

0 

0 
10  000 

0 
-  18  333 

Criterion  not  satis- 
fled. 

Second  load  at  D. 

310  000 

-51  667 

0 

10  000 
35  000 

—  18  333 

-  64  167 

Criterion  satisfied. 
Maximum. 

Third  load  at  D. . 

325  000 

—54  167 

0 

35  000 
60  000 

-  64  167 
-110  000 

Criterion  not  satis- 
fled. 
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(3)  Web  Member  in  a  Truss  with  Parallel  Chords. — Ib  Fig.  4,  a  nega- 
tive stress-moment  corresponds  to  tension  in  the  member  k.  For 
greatest  tension  in  this  member,  the  influence  line  shows  that  only  the 
portion  E  B  oi  the  span  should  be  loaded,  and  that  a  load  must  be  at  D. 

Let  the  span  consist  of  eight  panels  of  30  ft.  each.  Then  /  =  240 
ft.,  /j  =  — oc,  /o  =  +  a,  n  =  30  ft.,  n^  —  — (x,  n2  =  -\-(x,  —^  =   1,   and 

— -  =  1.     The  criterion  for  maximum  or  minimum  stress  reduces  to 
Equation  (3c),  that  is, 

e=f  "'  =  4'^- 

It  is  found  that  this  equation  is  satisfied  when  either  the  third  or 
the  fourth  load  is  at  D.  Both  these  positions  give  maximum  values 
of  the  stress.  Between  them  is  a  position  of  minimum  stress,  which, 
by  applying  Equation  (3  c),  is  found  to  be  that  in  which  the  third 
load  is  1.5  ft.  to  the  left  of  D.  Comparing  this  with  the  two  jjositions 
of  maximum  stress,  it  seems  highly  probable  that  the  greater  of  the 
two  maximum  values  is  that  which  occurs  when  the  fourth  load  is  at 
D.  The  numerical  data  for  these  three  positions  are  shown  in  Table 
No.  3. 

TABLE  No.  3. 


Position. 

W 

X- 

.     Q 

476  350 

480  000 

488  750 

59  530 

60  000 
61094 

35  000 
60  000 

60  000 

60  000 
85  000 

Criterion  satisfied. 

Criterion  satisfied. 
Criterion  satisfied. 

Third  load  1.5  ft.  left  of  D. . 
Fourth  load  at  D 

Minimum. 
Maximum. 

(4)  Chord  Member,  Truss  with  Subordinate  Bracing. — The  case  repre- 
sented in  Fig.  5  is  peculiar  in  that  l^  and  n^  have  opposite  signs.  The 
form  of  the  influence  diagram  shows  that  for  greatest  stress  the  span 
should  be  fully  loaded,  and  that  a  load  must  be  at  C  for  a  maximum 
stress. 

Let  the  span  consist  of  five  main  panels  of  60  ft.  each,  subdivided 
into  ten- panels  of  30  ft.  each;  then  I  =  300  ft.,  Zj  =  60  ft.,  ^2  =  240  ft., 
TO  =  30  ft.,  ny=  — 30  ft.  and  7^2  =  60  ft.     Equation  (3a)  reduces  to 
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Trying  successively  the  positions  wMcli  ajjpear  favorable  for  greatest 
stress,  it  is  found  that  the  criterion  is  satisfied  when  the  thirteenth  load 
is  at  C,  but  not  with  either  the  twelfth  or  the  fourteenth  at  C.  This  is 
shown  in  Table  No.  4. 

TABLE  No.  4. 


Position. 

W 

4»- 

Pi 

Q 

Pr-Q 

Twelfth  load  ate. 

Thirteenth  load  at 
C 

765  000 
777  500 
790  000 

153  000 
155  500 
158  000 

205  000 
230  000 

230  000 
255  000 

255  000 

280  000 

120  000 
105  000 
95  000 
60  000 

110  000 
95  000 
85  000 
70  000 

85  000 
60  000 

85  000 
100  000 
135  000 
150  000 

120  000 
135  000 
170  000 
185  000 

170  000 
220  000 

Criterion  not  satis- 
fied. 

Criterion  satisfied. 

Fourteenth  load  at 
C 

Maximum. 
Criterion  not  satis- 

fled. 

When  the  thirteenth  load  is  at  C,  there  is  also  a  load  at  D.  Since 
Z)  is  a  "  minimum-point,"  it  is  strictly  necessary  to  apply  Equation  (4) 
to   determine  with   certainty   whether  the  stress  is   a  maximum  or  a 


minimum.     We  have   W,  =   25  000  lbs.,  W^  =  15  000  lbs., 
and    —  =  —  1;  and  Equation  (4)  becomes 


2, 


m 


50  000  +  15  000  =  —  35  000. 


Since  this  value  is  negative,  while  M  is  positive,  the  stress  is  a 
maximum. 

The  conclusion  is  that  the  greatest  stress  occurs  when  the  thirteenth 
load  is  at  G. 
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DISCUSSION 


Mr.  Cilley.  F.  H.  CiLLEY,  Esq.  (by  letter). — The  autlior,  in  his  exposition  of 
criteria  for  the  position  of  loads  causing  maximum  stress,  offers  an 
interesting  extension  of  the  well-known  rule  for  loading  for  maximum 
moment  at  a  given  section  of  a  beam,  that  the  average  load  on  both 
sides  of  the  section  shall  be  equal.  His  princiijle  applies  to  all  cases 
in  which  the  influence  line  consists  of  three  lines,  which  include  most 
cases  arising  in  connection  with  statically  determined  frameworks. 
And,  in  the  case  of  an  influence  line  whose  end  lines  intersect  in  the 
region  of  the  middle  line,  the  rule  still  possesses  a  simple  objective 
interpretation  like  that  of  the  earlier  moment  rule,  which  applied  only 
to  two-line  influence  lines. 

It  may,  perhaps,  be  of  interest  to  note  some  very  simple  and  wholly 
general  facts  in  connection  with  influence  lines.  First,  the  influence 
line  for  the  stress  in  any  bar  of  any  framework  whatsoever,  determinate 
or  indeterminate,  consists  simply  of  a  series  of  straight  lines,  if  we 
neglect  secondary  stresses.     It  follows,  therefore,  that  the  variation  in 


stress  in  any  such  bar,  due  to  the  movement  along  the  load  line  of  a 
series  of  concentrated  loads  maintained  at  invariable  distances  apart, 
is  a  Linear  function  of  the  amount  of  movement  of  the  load.  A  linear 
function  of  a  variable  can  become  a  maximum  or  minimum  only  at  a 
point  of  discontinuity  of  the  function,  that  is  to  say,  in  this  case,  only 
when  some  load  passes  an  angle  of  the  influence  line.  For  a  maximum, 
it  is  evident  that  the  angle  must  be  concave  toward  the  zero  line  in  a 
region  of  positive  influence,  convex  toward  the  zero  line  in  a  region  of 
negative  influence;  and  for  a  minimum,  the  reverse  is  the  case. 

A  particularly  objective  and  interesting  general  rule  as  to  the  j^osi- 
tion  of  loads  for  maximum  influence  is  found  in  the  following: 

Imagine  (in  Fig.  10),  a  track  of  the  form  of  the  influence  line  with 
positive  part  down  and  zero  line  horizontal.  Imagine  a  series  of  small 
wheels,  the  weights  of  which  are  proportioned  as  those  of  an  actual 
series  of  loads,  and  which  are  free  to  move  vertically,  independently; 
but  horizontally  only  all  together,  that  is,  with  constant  horizontal 
spacing.  A  i^osition  of  stable  equilibrium  of  this  series  of  wheels  on 
the  influence-line  track  will  correspond  to  a  position  for  maximum  in- 
fluence of  the  corresponding  actual  loads  with  similar  spacing.     Here, 
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it  is  very  evident  that  some  load  must  be  at  an  angle  concave  from  Mr.  Cilley. 
above.     The  reasons  for  this  rule  will  readily  be  iierceived.     Its  imme- 
diate source,  if  the  writer's  memory  is  not  in  error,  is  an  Italian  work 
on  graphic  statics. 

F.  C.  KuNz,  M.  Am.  Soc.  C.  E.  (by  letter). — The  method  of  influ-  Mr.  Kunz. 
ence  lines  is  not  so  often  used  as  other  methods,  althoiigh  it  is  the 
simplest  way  to  determine  stresses,  even  for  uniform  loading,  in 
many  cases,  and  particularly  for  web-members  of  all  but  Pratt  trusses, 
bending  moments  of  jjins  when  simultaneous  stresses  have  to  be 
found,  etc. 

On  page  250  the  author  gives  a  general  rule  for  drawing  influence 
lines.  For  use  in  special  cases,  all  similar  methods  derived  from  the 
theory  of  moments  offer  for  web-members  but  little  advantage,  as  the 
point  of  intersection 
of  the  top  and  bottom  q 

chords,  lies,  as  a  rule,         ^, 
beyond   the   drawing 
board.      Of    all    the 
methods       published 
on   this   subject,   the 
writer    gives    in   the 
following     the     sim- 
plest     he 
found.     It 
published 
fessor    R. 

Constantinople,*  and 
applies  to  all  cases  of 
trusses  with  verticals 
and  at  least  one  hori- 
zontal chord. 

For  a  diagonal  C^ 
D  rising  to  the  left. 
Fig.  11  (and  C  D^  rising  to  the  right.  Fig.  12) : 

Produce  the  top  chord  of  the  panel  in  question  to  its  intersection 
A^,  (B|),  with  the  end  vertical  A,  (B),  and  join  ^,  and  B,  {B^  and  A); 
then  the  area  A^  C^  D  B  A^,  (area  A  G  D^  B^  A),  is  the  influence  area 
■when  a  =  unit  load.  Its  -f-  (tension)  and  —  (compression)  value  is 
found  by  simple  inspection. 

For  a  vertical  B  By,  Fig.  11  (and  Fig.  12) : 

Produce  the  top  chord  next  to  the  vertical  to  its  intersection  A^, 
(By'),  as  before;  then  the  area  Ay  D^  E  B  Ay,  (area  A  G  By  By'  A)  is  the 
influence  area  when  h  =  unit  load. 

Professor  Land  derives  these  rules  in  a  general  way  by  means  of 
*  Centralblatt  der  Bauverwaltung,  1897. 


has 


Land 
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Mr.  Kunz.  cinematical  principles.     The  writer   gives,  in  the  following,  a  proof, 
using  the  general  rule  on  page  250. 

Given  four  verticals  F,  A,  G  and  D  and  a  point  B  (Fig.  13).  From 
B  draw  any  two  lines,  join  F^^  A^,  produce  this  to  Cj,  join  C^  D^;  then 
the  locus  of  the  point 


of  intersection 

of  0, 

D,  and 

A,  B 

is   the 

same   vertical 

z    for 

any  two 

lines 

drawn 

from  B. 

Since  (Fig. 

U),^  = 

and   j/i 

a  m 

and 

y-i  = 

■      ^  ;  hence 

,  the  position  of 


Area  of  influence  for  diagonal  C 
=  areaA  CD,B,A  H-  a 


Area  of  influence  for  verti: 
area  A  CD,BiA-i-  h 


Area  of  influence  for  verticOj 
AC,B^A-^  ho 


jCCi 


m  l^ 

the  2-vertical  dejiends 
only  on  the  relative 
position  of  the  verti- 
cals F,  A,  C  and  D 
and  the  point  B. 

In  drawing  the  two 
lines  from  B  through 
the  skeleton  of  the 
truss  in  such  a  way 
that  B  A  corresponds 
to  the  one  and  B  A^ 
to   the  other,  we  see  "  ^  ^ 

directly  that  as  ^^  lies  Fig.  13. 

vertically  above  z  it  represents  the  zero  point,  and  hence  the  area  Aj 
C^  D  B  A]^  in  the  skeleton  is  the  influence  area  of  the  stress  in  the 
diagonal  Cj  D. 

There  remains  only  to  find  its  scale, 
load  a  must  t/j  be  divided  to  give 


r — ^^-5- 


J/i. 


yi  = 


—  =  ?/i  and  a  = 


In  other  words,  by  what  unit 


substituting    for  a  its 


value    (see    page   250)    a 
TT' 


It 


we  have  y^ 


As   77, 


\ 


\U  ?i 


C      D 

Fig.  13. 

we  get,  after  a   short 


transformation,  a  =  -^ 

y^ 


Further,  ^FGD^^CC^D, 


Thus  we  get  a 
hi  n< 


Ci  D. 

and  as 

the  unit  load  a 


-.which 
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hence  i  =  — t^,  where  d  denotes 
d 

d  «.( 
=     h.2,     we    get 
7i,  7^, 
~d 
can    easily    be    scaled    oflf    in 
the  skeleton.     From   the   pro- 
portion   V-  =  -^    follows    the 
la 

construction   of  the   influence 
line  to  any  desired  scale. 

For  the  vertical  D  D^  (Fig. 
15)  it  follows  that  the  point 
2j  is  the  zero  point  of  the  in- 
fluence area  A^  D^  E  B  A^. 
Using    the    notation    in     Fig. 

15,    we   have   again  y^  =  —r-, 


h  h 
li 
h  /,  n^ 
I    «i 
a  short  transforma- 


where    c 

-\-m;  Vi 


h 
and  ^  =   Zj 

After 


1 

Fic 

.  14 

1 

4 

^nJ 

--■^ -At 

\f  aL 

— m- 

^ 

D 

'                  + 

i                           1 

^-i-—;.f 

-M^       ^    1 

"-tr-t 

|~ 

' 

tion  we  get    -— •    = 
h  =  unit  load,  and 

yjL  — ^ 

1  h' 

Fig.  16  shows 
the  application  of 
the  above  rule 
for  the  diagonals  of 
a  half  truss  of  a 
drawbridge  consid- 
ered as  a  single 
span,  which  will 
be  of  particular 
use  in  determin- 
ing the  bending 
moment  on  the 
pin  D  for  this  con- 
dition. 


Area  of  influence  for  diagonal  C,u 
areaA,C,DBAy~CX 
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Mr.  Hoskins.  L.  M.  HosKiNS,  Esq.  (by  letter). — It  was  no  part  of  the  object  of 
this  paper  to  advocate  the  use  of  wheel  concentrations  as  a  basis  of 
bridge  design.  This  kind  of  specification  has  been  in  general  use  for 
a  considerable  number  of  years,  and,  doubtless,  will  continue  to  be 
used  for  a  long  time  to  come,  in  spite  of  the  efforts  of  its  opponents 
to  supersede  it.  Even  if  some  different  specification  should  be  adopted 
generally,  ma.ny  engineers  of  railroad  companies  probably  will  think  it 
advisable  to  apply  the  wheel-concentration  method  m  estimating  the 
effect  of  new  and  heavier  train-loads  on  existing  bridges.  In  view  of 
these  facts  it  seemed  worth  while  to  present  what  appeared  to  the 
author  to  be  a  material  simplification  in  the  treatment  of  the  general 
problem  of  computing  stresses  due  to  any  series  of  loads  whatever. 

The  members  who  participated  in  the  discussion  at  the  last  Annual 
Convention  of  the  Society  were  unanimous  in  condemning  the  method 
of  wheel  concentrations.  They  were,  however,  by  no  means  agreed  as 
to  what  method  should  replace  it.  Thus,  the  method  advocated  by  Mr. 
Morison  was  condemned  by  Mr.  Waddell  as  comiDlicating  matter's  worse 
than  ever.  And,  while  the  majority  appeared  to  favor  some  form  of 
"  equivalent  uniform-load,"  each  had  his  own  opinion  as  to  how  this 
should  be  estimated.  That  this  discussion  does  not  represent  the 
unanimous  opinion  of  those  engineers  most  directly  interested  in  the 
question  is  indicated  by  recent  correspondence  in  Engineering  News.* 

No  one  supj)oses  that  the  method  of  wheel  concentrations  can 
represent  with  exactness  the  actual  distribution  of  loads  upon  a  bridge. 
Its  advocates  merely  contend  that  it  comes  a  step  nearer  than  other 
methods  to  representing  actual  conditions.  The  truth  of  this  conten- 
tion is  tacitly  admitted  by  most  of  those  who  condemn  the  method. 
The  correctness  of  every  proposed  method  is  tested  by  a  comparison 
of  its  results  with  those  of  the  wheel-load  method. 

The  only  real  objection  to  the  wheel-concentration  method,  as 
compared  with  other  proposed  methods,  is  the  difficulty  of  the  com- 
putations involved.  How  serious  this  objection  is  can  be  judged  only 
by  one  who  is  thoroughly  familiar  with  the  best  methods  of  computa- 
tion. Wheel  concentrations  ajopear  to  present  no  serious  difficulties 
to  the  computer  who  familiarizes  himself  with  the  best  methods  of 
dealing  with  them. 

Aside  from  whatever  practical  value  it  has,  the  problem  dis- 
cussed in  the  i^aper  possesses  considerable  mathematical  interest. 
The  properties  of  influence  lines  given  by  Mr.  Cilley  and  Mr.  Kunz 
are  interesting  contributions  to  the  discussion.  With  reference  to 
the  comment  of  Mr.  Kunz,  on  the  general  rule  for  drawing  influence 
diagrams,  it  may  be  remarked  that  when  the  moment-center  falls 
beyond  convenient  limits,  the  ordinates  at  C  and  D  can  be  computed 
readily  by  the  general  values  given  on  page  250. 
*  July  13th  and  September  7th,  1899. 
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PILE-DRIVING  FORMULAS:   THEIR  CONSTRUC- 
TION AND  FACTORS  OF  SAFETY. 


By  Chakles  H.  Haswelij,  M.  Am.  Soc.  C.  E. 
Presented  Septembee  6th,  1899. 


WITH  DISCUSSION. 


SUPPOETING   PlIiES. 


Experiments  on  the  impact  of  the  ram  of  a  pile-driver,  from  the 
ordinary  heights  of  its  operation,  and  deductions  therefrom,  are  not  as 
satisfactory  as  the  imjDortance  of  the  subject  requires,  as  evidenced  by 
the  variety  in  the  elements  of  computation,  formulas  and  factors  of 
safe  loads. 

Authors  upon  physical  laws,  and  engineers  who  have  essayed  to 
give  a  formula  for  the  impact  and  effect  of  a  ram  on  a  pile,  vary  not 
very  materially,  but  in  some  instances  have  introduced  elements 
having  little  or  no  connection  with  it,  and  consequently  of  no  essen- 
tial value:  as  the  diameter,  weight  and  length  of  a  pile,  its  mean 
depression  i^er  number  of  blows,  its  modulus  of  elasticity,  and  the 
cube  root  of  the  height  of  fall  of  the  ram. 

The  resistance  a  pile  offers  to  the  blow  of  a  ram  is  the  measure  of 
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its  capacity  to  sustain  a  stress,  wholly  independent  of  its  diameter, 
weight,  length,  modulus  of  elasticity,  etc. 

Thus,  the  diameter  of  a  pile  and  the  distance  of  its  penetration  are 
not  proper  elements  in  the  computation,  as  their  effect  is  embraced  in 
their  limitation  of  the  penetration  of  the  pile;  added  to  which  the 
weight  of  the  pile  is  of  consideration  only  as  involving  a  weight  of 
ram  jiroportionate  to  its  inertia,  and  the  relative  elasticity  of  a  pile  is 
of  little  moment,  for  when  a  pile  approaches  to  the  penetration  of 
required  resistance  or  refusal,  if  its  head  is  broomed  it  is  dressed  o% 
and  if  split  or  liable  to  be,  it  is  confined  by  a  ring.  In  fact,  the 
weight  and  fall  of  a  ram  being  proportionate  to  a  pile,  all  other  ele- 
ments, except  that  of  penetration,  are  rendered  of  no  consideration,  as 
elements  of  the  computation  of  effect;  and  particularly  when  so  great 
a  factor  of  safety  as  the  varied  conditions  under  which  a  pile  is  driven 
requires,  and  which  is  given  by  various  authors  of  formulas  as  ranging 
from  0.083  to  0.33,  omitting  "Weisbach's  extreme  of  t^-o- 

In  the  following  treatment  of  the  subject,  a  pile  is  considered  as 
driven  to  a  final  depression  of  0.5  in.  or  less,  with  a  level  and  sound 
head,  as  far  as  the  operation  renders  it  practicable;  and  when  the 
weight  of  the  superstructure  to  be  sustained  requires  the  number  of 
piles  to  be  increased  proportionately  thereto,  this  increase  objection- 
ably involves  the  necessity  of  placing  them  at  less  than  a  proper  dis- 
tance apart,  for  when  they  are  driven  close  in  a  moist  or  clayey  soil, 
the  last  one  driven  will,  by  the  lateral  compression,  cause  the  adjoin- 
ing ones  to  rise. 

In  the  formulas  of  Major  Saunders,  U.  S.  A.,  Molesworth,  Weis- 
bach.  Mason,  Trautwine,  Nystrom,  Wellington  and  the  "Dutch,"  the 
final  depression  or  penetration,  either  in  inches,  feet  or  p7-o  rata,  is 
given  as  a  divisor.  Hence,  assuming  that  the  impact  of  a  ram  in  a 
given  case  is  100  000  lbs.,  and  the  depression  is  0.5  in.,  100  000  -;-  0.5 
=  200  000  lbs.,  and  if  it  is  0.25  in.,  100  000  -^  0.25  =  400  000 lbs. ;  and 
in  like  manner  to  infinity  or  positive  refusal;  and  yet  the  impact  would 
not  have  increased,  as  the  effect  of  the  blows  is  not  cumulative.  The 
resistance  of  a  pile  is  not  measured  by  a  summation  of  the  several 
impacts  it  has  received  by  the  fall  of  the  ram,  or  by  the  pro  rata  of  its 
depression  per  number  of  blows,  as  by  the  "  Dutch  "  formula.  When 
a  street  paver  depresses  a  stone  1  in.  with  his  rammer,  and  0.5  in.  at  a 
succeeding  blow,  he  has  not  correspondingly  increased  the  force  or 
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effect  of  it,  neither  are  tlie  blows  of  a  carpenter  in  driving  a  bolt 
cumulative,  for  only  the  last  blow  gives  the  measure  of  the  impact  on 
it.  Hence,  the  effect  of  the  blow  of  a  ram,  however  apparent  to  obser- 
vation, is  lost  to  consideration  when  the  one  that  follows  it  occurs,  as 
the  measure  of  the  last  is  the  measure  of  the  resistance  the  pile  offers, 
and  that  resistance  is  the  single  sustaining  stress  or  weight  which  the 
pile  will  bear. 

The  matter,  then,  is  not  how  the  resistance  of  a  pile  is  obtained,  not 
what  the  weight  of  it,  not  what  its  inertia  or  the  effect  of  its  cushion- 
ing, but  what  was  the  power  required  to  drive  it  to  its  final  depres- 
sion, or  what  is  the  measure  of  its  resistance  to  stress  or  to  sustaining 
a  weight? 

Illustration  of  the  Several  Formulas  Kefeeked  To. 

Assume  rams  having  weights  of  1  000  and  of  2  000  lbs. ,  falling, 
respectively,  20  and  25  ft.,  which  are  taken  as  exponents  of  ordinary 
practice.  Mean  section  of  pile,  100  sq.  ins. ;  weight,  1  000  lbs. ;  sur- 
face, 130  sq.  ft.;  length,  35  ft.;  and  penetration  under  last  blow,  0.5 
in.  =  0.043  ft. 

(1)  Major  Saunders. —^ —  =  W. 

o 

i?  representing  weight  of  ram  and  W  safe  load,  both  in  j^ounds; 

h  =■  height  of  fall,  and  d  =  dejiression  of  last  blow,  both  in  feet. 


(2)  Rankine. 


\{4.EsWh\      4:E'^s'''d-        2Esd       ^ 

nJv — I — ;  +  — p 1—  =  ^- 


£^=  modulus  of  elasticity,  s  =  section  of  pile  in  square  inches, 
/  =  length  of  pile  in  feet,  and  L  =  dead  load  without  further  depres- 
sion.    Other  symbols  as  preceding.     Factors  of  safety,  5  to  1. 

This  formula  embraces  modulus  of  elasticity,  length  and  sectional 
area  of  piles,  all  of  which,  for  the  causes  here  given,  are  held  to  be  an 
unnecessary  complication  and  of  no  practical  value. 

A  Second  Formula  by  Rankine.  A  1  000  =  Z  at  refusal  of  pile;  and 
when  not,  A  200  =  i;  or  a  factor  of  safety  of  5. 

A  =  mean  area  of  section  of  pile  in  square  inches,  and  L  =  load  in 
pounds. 

W  H 

(3)  Molesworth.     -tt-jt  =  L. 

W=  weight  of  ram,  and  L  =  safe  load,  both  in  hundredweights. 
H  =  height  of  fall,  and  D  =  set  of  pile  by  last  blow,  both  in  inches. 
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(4)    Mason. 
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=  extreme  load. 


S{W+p) 

S  =  dei^ression  by  last  blow,  in  feet;p  =  weight  of  i^ile  in  pounds; 
other  symbols  as  preceding.     Factors  of  safety,  10  to  4. 


ir^     m       ,     ■  V  h  TF  0.023         „  _,_  ^  .,       , 

5)    Irautwine.      -— x   2  240  =  extreme  load,     s  =  de- 

s  +  1 

pression  by  last    blow  in  inches;    other  symbols  as  jjreceding.     Fac- 
tors of  safety,  10  to  2. 

M^  S 


(6)   Ny Strom. 


safe  load. 


^  s  (3/+  w)2 

iV/=  weight  of  ram,  and  m  =  weight  of  pile,  both  in  jjounds.     S  = 
fall  of  ram  and  s  depression,  both  in  inches;  other  symbols  as  preceding. 

(7)  Wellington.      - — — -  =  extreme  load. 

s  =  depression  by  last  blow,  in  feet;  other  symbols  as  jsreceding. 

(8)  McAljnue.     80  ( TF  +  0.228  y  i^  -  1)  =  X. 

W  =  weight  of  ram,  in  tons;  F  =  fall  of  ram,  in  feet,  and  X  =  load 
at  refusal.     Factor  of  safety,  0.33. 


TABLE   No.    1. — RECAPiTUiiATioN  OP  Results.     Depression  in  aiaj 
Cases,  0.5  in. 


Formulas. 

Factors,  as 
given   by 

the  several 
Authors. 

1  000  Lbs.  Fat.t.tng  20  Ft. 

2  000  Lbs.  Falling  25  Ft. 

Load. 

Safe  load. 

Load. 

Safe  load. 

1.  Saunders 

2.  Rankine ] 

3.  Molesivorfh 

4.  Mason 

8 

5tol 
5 
8 
10  to  4 

12  to  2 
6 

Pounds. 
476  000 
3.32  125 
100  000 
480  080 
273  598 
93  218 
166  086 

Pounds. 

59  500 
66  425 
20  000 

60  010 

J  27  360  1 
1  68  399  J 
I  7  768  1 
1      46  609     } 

27  681 

38  387 

27  776 

Pounds. 

1  190  000 
646  246 
200  000 

1  199  520 
861  326 

200  592 
658  434 

Pounds. 

148  750 
129  249 

40  000 

149  940 
j       86  133 

5.  Trauticine 

6.  Nystrom 

(       16  716 

1      100  296 

109  739 

7.   Welli7igton 

95  970 

8.  Mc Alpine 

3 

83  328 

184  934 

61  644 

Mean  of  results. 


*  A  mean  by  the  author. 

The  varying  figures  in  the  fourth  and  sixth  columns,  under  safe 
load,  represent  results  as  computed  by  the  formulas  of  different 
authors,  with  their  factors. 
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The  following  formulas  were  not  included  in  the  preceding  reca- 
pitulation and  summation  of  results,  as  the  factors  in  the  first  are  held 
to  be  too  extreme  for  practical  application,  and  the  introduction  in 
the  other,  of  the  average  penetration  per  blow,  per  100  blows  of  the 
ram,  is  not  an  element  of  any  value;  for,  as  before  stated,  the  final 
blow  of  a  ram  is  the  only  one  which  measures  its  effective  value. 

Weisbach. — One  of  Weisbach's  formulas  embraces  elements  similar 
to  those  of  Kankine,  with  a  factor  of  safety  of  10  to  100.     A  second 

—, ^  4-  (?£/  4-  p)  —  extreme  load. 

w  =  weight  of  ram,  and  p  =  weight  of  pile,  both  in  lbs. ;  s  =  pene- 
tration by  last  blow,  in  feet  =  0.043;  other  symbols  as  in  the  other 
formulas.     Factors  of  safety,  100  to  10. 

'^  Butch."      ,^'\r,  =   W- 
{B  -I-  3I)e 

B  ■=  weight  of  ram,  and  M  =  weight  of  pile,  both  in  lbs.  e  = 
average  penetration  per  blow  for  100  blows,  and  h  =  height  of  fall, 
both  in  inches.     Factor  of  safety,  6. 

In  the  "Dutch"  formula,  e  represents  the  average  depression 
of  the  pile  per  blow,  per  100  blows  of  the  ram,  which  is  not  only 
an  element  measurably  impracticable  of  attainment  in  practice,  but 
is  wholly  valueless  and  difficult  of  attainment  except  with  the  heavy 
ram  and  low  fall  practiced  by  the  authors  of  the  formula. 

A  recorded  case  furnishes  the  following  illustration  of  the  formula: 

B   and   M,   respectively,    2  205  and   2  030   lbs.   and  e  =  0.28  in. 

(2  205+2  030)0.28  "  '  =^  ^'  '''  '^^^ 
Operating  this  formula  with  the  elements  given  in  the  first  of  the 
preceding  cases,  the  result  would  be  35  715  lbs. 

Factor  of  Safety.  — In  deciding  upon  the  factor  of  safety  the  follow- 
ing elements  are  to  be  considered: 

The  friction  of  the  guides  of  the  leader  and  of  the  hoisting  line  of 
the  ram  in  the  sheave  and  over  the  drum  (ascertained  by  experiment 
with  a  very  heavy  ram  to  be  0.2  ft.  of  penetration,  but  with  a  light 
ram  it  would  be  materially  more) ;  the  resistance  of  the  atmosphere  to 
the  fall  of  the  ram  and  its  cushioning  on  the  head  of  a  pile  however 
squarely  it  may  be  dressed  off;  the  want  of  verticality,  both  of  the  fall 
of  the  ram,  and  of  the  vertical  plane  of  the  pile  and  its  consequent 
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lateral  vibration;  the  inertia  and  frequent  splitting  of  the  pile  on  a 
boulder;  the  vibration,  if  driven  in  a  trench  or  with  a  "follower"; 
the  condition  of  the  soil,  whether  wet,  moist,  or  dry,  that  is,  if  it  is 
wholly  dry  soil,  if  the  pile  is  embedded  or  partially  exposed  above 
ground  or  water,  or  is  wholly  immersed  in  wet  soil  or  surface  water, 
all  of  which  are  elements  in  the  determination  of  the  factor. 

In  this  connection  is  to  be  considered  the  subsidence  of  the  soil 
around  a  pile  which  has  been  temporarily  arrested  in  its  driving,  the 
effect  of  which,  in  the  course  of  a  few  hours  under  favorable  condi- 
tions of  soil,  has  been  observed  to  approach  to  that  of  the  resistance 
of  a  pile  at  its  last  blow. 

The  following  are  records  of  some  ascertained  sustained  weights  on 
piles: 

1.  At  the  London  Bridge  over  the  Thames,*  the  piles  are  reported 
to  sustain  80  tons.  Assuming  them  to  have  been  driven  under  the 
extreme  condition  of  a  ram  of  1  500  lbs.  falling  20  ft. ,  their  sustaining 
power  in  excess  of  that  given  by  the  formula  W  V  2  g  h  would  be 
23.94  tons,  and  80  -f  23.94  =  3.33  to  1. 

2.  A  pile  driven  with  a  ram  of  2  000  lbs.  falling  5  ft.  supported  47 
tons,  an  excess  over  the  formula  of  16  -^  47  =  31  tons;  and  47  -i-  16  = 
2.93  to  1. 

3.  A  pile  driven  with  a  ram  of  1  700  lbs.  falling  16  ft.  supported  70 
tons,  or  an  excess  of  24.3  ^  70  =  48.7  tons,  or  as  2.88  to  1. 

4.  A  test  pile  by  the  United  States  Government,  driven  by  a  ram 
of  910  lbs.  falling  5  ft.  with  a  depression  of  0.375  in.  under  the  final 
blow,  supported  26.6  tons,  or  an  excess  of  7.28  ^  26.6  =  19.32  tons,  or 
3.65  to  1. 

The  average  of  results  for  safe  loads,  deduced  by  the  several  for- 
mulas given  are,  for  a  ram  of  1  000  lbs.  falling  as  given,  40  901  lbs. ;  a 
result  2.04  times  greater  than  that  given  by  the  formula  of  an  author 
of  highest  recognized  ability,  and  1.46  times  less  than  by  another 
author  of  similar  standing.  For  a  ram  of  2  000  lbs.  falHng  as  given, 
the  average  is  87  271  lbs.;  a  result  2.182  times  greater  than  that 
given  by  the  first  author  referred  to,  and  1.35  times  greater  than 
that  given  by  the  other. 

In  view  of  this  variance,  the  author  essayed  to  ascertain  the  difier- 
ence  between  the  results  by  the  formula,  or  foot-j^ounds,  and  the  actual 
*  "  Trautwine's  Engineer's  Pocket-Book,"  pp.  648-644. 


HASWELL   ON    PILE-DKIVING    FORMULAS. 


273 


vis  viva  of  a  falling  body;  and  althougli  the  experiments  were  necessa- 
rily on  a  very  limited  scale,  tlie  following  results  were  obtained: 


Weight. 

Fall. 

Velocity. 

Impact. 

Ratio  of 
Impact  to  Velocity. 

1.. 

Pounds. 

Feet. 
1 

1.5 
2 

Feet. 

8 

9.5 
11.31 

Pounds. 
32 

43 

4.0 

1 

4.3 

1 

4.6 

Reviewing  these  and  the  various  other  elements  submitted,  it 
appears  that  all  the  formiilas  here  illustrated,  for  piles  driven  under 
the  usual  requirements  of  practice,  as  to  weight  of  ram,  height  of  fall, 
character  of  soil  and  final  depression,  are  but  arbitrary,  with  factors  of 
safety  having  the  wide  range  of  three-tenths  to  one-twelfth.  They 
present  even  the  varied  conditions  of  the  weight  multiplied  by  the 
height,  by  its  square,  and  also  by  its  cube,  while  that  of  Wellington 
presents  the  exceptional  condition  of  the  weight  being  multiplied  by 
twice  the  height  of  the  fall;  all  of  them  being  at  variance  with  the 
accepted  rule,  that  the  velocity  of  the  weight  and  its  resultant  impact 
is  as  V  ^  9  h.  Hence,  for  heights  of  fall  of  16,  25  and  36  ft.,  the 
product  of  the  Wellington  formula  would  be  as  32,  50  and  72  ft.,  while 
the  velocity  of  imj)act  would  be  as  32,  40  and  48  ft. 

Further,  that  the  impact  or  vis  viva  of  a  body  falling  freely,  as  de- 
termined by  the  experiments  here  referred  to,  exceeds  four  times  that 
given  by  the  formula  for  its  final  velocity,  which  result  is  verified  by 
the  illustrations  given  of  the  actual  support  of  j^iles  noted,  to  which 
should  be  added  an  estimate  of  the  frictional  loss  of  the  ram  in  opera- 
tion. 

Reviewing  the  elements  presented,  the  following  formula  is  sub. 


mitted : 


4:wV2gh  4:wSVfi 


safe  load  in  pounds. 


F        '   ^^  F 

w  =  weight  of  ram  in  jjounds,  and  h  =  height  of  fall  in  feet. 

F,  or  the  factor  of  safety,  in  consideration  of  the  several  losses  of 
effect  recited,  and  especially  that  of  the  brooming  of  the  head  of  a 
pile,  and  the  driving  of  piles  in  trenches  or  with  a  "follower,"  is 
assumed  at  from  3  to  6,  according  to  the  nature  and  condition  of  the 
soil,  the  character  of  the  piles  and  the  integrity  of  their  driving. 

■Applying  tbe  formula  to  elements  similar  to  those  given  for  the 
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several  formulas  recited,  the  results  would  be,  for  the  illustration  of 
ram  of  1  000  lbs.  falling  20  ft.,  with  a  factor  of  3: 

4  X  1  000  X  8  '/20       r 

3 =  ^' 

and  for  the  i-am  of  2  000  lbs.  falling  25  ft. ,  eliminating  the  numerator 
4,  and  corresi^oudingly  reducing  the  divisors,  3  to  6,  to  0.75  and  1.5, 
the  operation  is  simplified,  thus: 

1  OOP  X  8  -/20                                ^  2  000  X  8  ^25        ,_  ._  ,. 
— — =  47  701  lbs.,  and ^r-^ — =  106  66b  lbs. ; 

and  with  a  factor  which  is  a  mean  between  0.75  and  1.5  =  1.125,  the 
results  would  be,  respectively,  31  801  and  94  814  lbs.,  results  in  ac- 
cordance with  the  observation  of  an  exceptionally  extensive  and  varied 
experience  in  the  operation  under  consideration. 

In  further  support  of  the  formula  submitted,  the  following  is  pre- 
sented: 

First. — That  at  London  Bridge,  the  sustaining  power  of  the  piles 
is  reported  to  be  3.33  times  the  weight  deduced  by  the  ordinary 
formula  for  the  impact  of  a  falling  body;  in  other  c^es  to  have  been 
2.93  and  2.88  times,  and  in  a  test  case  by  the  United  States  Govern- 
ment to  have  been  3.65  times,  giving  a  mean  of  3.1975;  to  all  of  which 
is  to  be  added  the  greater  or  less  losses  of  effect  of  the  ram  in  falling, 
as  herewith  detailed. 

Second. — That  the  test  pile  previously  cited,  which  was  driven  and 
observed  by  officers  of  the  United  States  Government,  the  ram  weigh- 
ing 910  lbs.,  the  fall  being  5  ft.,  and  the  depression  of  the  pile  at  the 
final  blow  being  0.375  in.,  sustained  a  stress  of  26.6  tons;  that  the  sus- 
taining power  of  the  i^ile,  deduced  by  the  ordinary  formula  for  the 
velocity  of  a  falling  body,  would  be  910  X  V  'igh  =  16  457  lbs.  = 
7.34  tons;  and  that  these  results  of  7.34  and  26.6  are  as  1  to  3.62,  ap- 
proximating closely  to  the  4  assumed  in  the  formula  presented. 

Third. — That  piles  driven  to  sustain  the  vibratory  stress  of  a  bridge 
under  a  hammer  of  1  200  lbs.,  falling  20  ft.,  with  a  penetration  of  0.75 
in.,  enduringly  siistained  18  tons  each,  and  by  the  formula  the  result 
is  17  tons. 

Regarding  the  distance  from  centers  at  which  piles  should  be  driven; 
in  sand  or  small  grave],  this  may  be  2  ft.,  but  for  saturated  sand  and 
earth,  or  in  silt,  a  greater  distance  is  required,  as  small  piles  are  likely 
to  be  disturbed  in  their  position  by  the  driving  of  a  larger  one  adjoin- 
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ing  them,  and  in  some  practice,  in  determining  the  capacity  of  a  range 
of  piles,  it  is  proper  to  reduce  the  result  obtained  by  the  formula,  to 
meet  incidental  conditions,  such  as  negligence  in  driving,  or  in  super- 
intendence, the  frequent  and  unobserved  splitting  or  crushing  of  a  pile 
on  a  stone  or  boulder. 

The  deductions  and  opinions  here  given  are  the  result  of  observations 
of  a  very  varied  and  extensive  experience  in  pile-driving,  in  every 
variety  of  soil,  encountering  quicksand,  boulders,  submerged  crib- 
work,  stone  filling,  in  vt^ater,  and  under  the  embarrassing  conditions 
met  in  a  trench,  when  the  hammer  was  necessarily  arrested  many  feet 
above  the  designed  level  of  bearing  of  the  piles,  and  for  structures 
of  various  capacities  and  heights,  some  attaining  twelve  stories;  and 
whenever  practicable,  a  bench-mark  was  established  and  ultimate 
results  observed. 

Tenacity  of  Piles. — The  effects  of  the  tenacity  were  illustrated  at 
Cuxhaven,  England,  with  a  fir  pile,  1  ft.  in  diameter  at  the  head,  driven 
15.7  ft.  in  fine  and  drifting  dry  sand;  and  which,  at  the  termination  of 
23  days,  required  a  power  of  17  472  lbs.  (7.8  tons)  to  withdraw  it;  also 
one  of  17  ins.  diameter,  driven  to  a  like  depth,  at  the  termination  of  20 
years,  required  a  power  of  57  120  lbs.  (25.5  tons),  and  at  50  years,  98  000 
lbs.  (43.75  tons),  to  remove  it. 

Friction  of  Pine  Sheet  Piles  in  Clay. — The  removal  of  a  coffer-dam 
after  5  years'  existence  furnishes  the  following  elements: 

Piles  of  Memel  fir,  12.5  ins.  square,  length  40  ft.,  driven  to  an 
average  dej^th  of  18.25  ft.,  the  average  superficial  area  in  the  soil  being 
76  sq.  ft.,  the  net  resistance,  after  deducting  the  weight  of  the  piles, 
etc.,  was  71  277  lbs.,  giving  a  coefficient  or  factor  of  93.8  lbs.  per 
square  foot  for  the  bearing  of  the  clay  on  the  inner  and  outer  surface 
of  the  piles. 

Follower. — Whenever  a  follower  is  used,  however  short  it  may  be, 
the  factor  of  safety  should  be  increased ;  and  when  piles  are  driven  in 
trenches  below  the  driver,  and  their  final  depression  below  the  droj) 
of  the  ram  is  so  much  as  to  involve  the  use  of  a  long  follower,  the 
extreme  factor  should  be  used;  and  with  piles  of  spruce  or  like  wood, 
their  heads  should  be  ringed  as  soon  as  their  penetration  becomes 
difficult. 

Brooming, — The  result  of  brooming  the  head  of  a  pile,  in  conse- 
quence of  its  resistance,  as  determined  by  experiment,  was  to  increase 
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the  number  of  blows  of  a  ram  compared  witli  a  sound  head  from  1  to 
1.49. 

Sheet  Piling. Sheet  piling  would  be  much  more  effective,  either 
in  water  or  wet  soil,  if  constructed  of  two  or  more  thicknesses  of 
timber  laid  together  and  lap  broken  for  half  the  width  of  a  piece  if 
two  are  used  and  one-third  the  width  if  three  are  used,  and  fastened 
with  locust,  or  iron  blunt  bolts,  the  number  of  which  and  their  dis- 
tances ajjart  being  determined  by  the  stress  of  the  driving.  The  off 
edge  of  the  foot  of  the  jiile  should  be  cut  or  tapered  to  an  extent  which 
will  tend  to  lead  and  retain  it  close  to  the  adjoining  pile. 

Notes  Deduced  from  Operations  of  Various  Authors  on  Piling. — In  wet 
sand,  silt,  or  any  light  soil,  piles  should  be  driven  rapidly,  otherwise 
the  subsidence  of  the  material  in  which  they  are  driven  will  furnish 
increased  resistance. 

In  strong  or  stony  soil,  a  heavy  ram  with  a  low  fall  is  better  than 
a  light  ram  and  a  high  fall.  If  the  soil  is  very  strong  with  stone,  the 
piles  should  be  shod. 

Inasmuch  as  a  stratum  of  light  or  wet  earth  may  exist  below  a 
heavy  one,  before  commencing  piling  upon  a  new  soil,  in  order  to  be 
assured,  not  only  of  its  consistency,  but  also  of  the  depth  of  such  con- 
dition, a  test  i^ile  of  small  diameter  should  be  driven  to  as  great  a  depth 
as  practicable. 

The  support  of  compressed  sand  is  estimated  at  85  lbs.  per  square 
foot,  and  the  friction  on  the  surface  of  a  jjile  at  614  lbs.  per  square 
foot. 

Finally,  in  a  recent  case,  in  consequence  of  the  foundation  of  a 
building  of  eleven  stories  being  7  ft.  below  that  of  two  exceptionally 
heavy  adjacent  structures  of  ten  stories  each,  the  walls  of  which  were 
laid  on  a  concrete  bed  over  wet  sand,  piling  was  necessarily  arrested 
at  distances  of  7  ft.  from  these  adjoining  walls,  and  the  spaces 
bridged  with  plate-iron  cantilever  beams.  The  result,  as  verified  by 
bench-marks,  has  proved  the  sufficiency  of  the  piling  under  the  con- 
centi'ated  stress  over  the  voids,  which  was  spaced  and  driven  in  accord- 
ance with  the  formula  here  submitted. 
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DISCUSS  ION. 


FosTKR  Cko'W'ell,  M.  Am.  Soc.  C.  E. — The  author's  experiments  Mr.  Crowell. 
upon  the  imj^act  of  falling  weights,  as  recorded  in  the  table  on  page 
273,  having  been  made  with  a  spring-balance,  the  observed  results  were 
the  resistances  of  the  spring-balance,  exerted  through  unrecorded  dis- 
tances of  retardation  of  the  falling  weights,  and  therefore,  if  the  ap- 
paratus had  happened  to  be  of  a  different  degree  of  sensitiveness  the 
values  would  necessarily  have  been  correspondingly  different;  conse- 
quently the  results  could  not  be  taken  as  the  absolute  values  of  impact 
of  the  falling  weights,  to  arrive  at  which  it  would  be  necessary  to  de- 
termine accurately,  not  only  the  resistances  develojjed,  but  also  the  dis- 
tances of  retardation.  The  exi^eriments,  therefore,  could  not  be  ac- 
cepted as  establishing,  even  practically,  the  author's  claim,  upon  which 
he  bases  his  formula.  For,  whatever  the  weight  of  the  impinging  body, 
or  the  velocity  of  the  impact,  there  is,  in  every  case,  a  finite  amount 
of  work  U,  yielded  upon  the  opposing  resistances;  there  is  in  every 
such  case  a  certain  mean  resistance  R,  overcome  through  a  certain 
space  S,  in  the  direction  in  which  that  resistance  acts,  which  resistance 

and  space  are  such  that  R  S  =  U,  and  R  =  -^;if,  therefore,  the  space 

-S' be  exceedingly  small  as  compared  with  U,  there  will  be  an  exceed- 
ingly great  resistance  R,  overcome  through  that  small  space,  and  vice 
versa.  Taking  as  the  values  of  R,  the  "  impacts  "  of  the  table,  we  And 
that  the  corresponding  values  of  S,  in  inches,  are  respectively  0.375, 
0.410  and  0.461.  Thus  it  is  apparent  that,  had  the  apparatus  been  so 
constructed  as  to  weigh  with  less  movement,  the  recorded  imi^act  might 
have  been  very  much  higher;  also,  that  the  movement  of  the  apparatus 
is  analogous  to  a  jaile  penetration  of  about  8  ins.  under  a  20-ft.  fall  of 
the  ram,  in  the  first  case  given,  but  to  only  about  5^  ins.  in  the  third 
case,  which  shows  the  influence  of  the  friction  and  lost  motion  in  the 
apparatus. 

Mr.  Haswell's  formula,  as  presented,  is  limited  to  a  penetration 
of  ^  in.,  and  it  would  be  interesting  to  know  what  provision  the 
author  intended  to  be  made  in  cases  where  the  observed  penetra- 
tion of  the  driven  pile  exceeded  that  amount,  as  such  cases,  in 
the  speaker's  experience,  coustituted  the  real  test  of  reliability  and 
usefulness  of  a  pile-driving  formula.  The  ideal  formula,  and  the 
l^ractical  one  as  well,  should  contain  within  itself  the  elements  of 
application  to  all  the  cases  usually  to  be  met  with  in  practice,  and 
on  that  account,  as  well  as  upon  others,  the  speaker  considers  the 
Wellington  form  of  formula  preferable  to  that  of  Mr.  Haswell. 

The  author  has  condemned  the  Wellington  formula,  including  it 
with  those  which  are  arbitrary  and  at  variance  with  accepted  rules. 
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Mr.  Crowell.  and  specifically  because  it  "presents  the  exceptional  condition  of  the 
weight  being  multiplied  by  twice  the  height  of  the  fall,"  claiming  that 
the  true  formula  should  be  founded  upon  the  actual  vis  viva  of  a  body 
falling  freely,  as  represented  by  its  velocity,  viz.,  ■)/2gh.  This  is  a 
misconception,  both  as  to  the  fact  and  as  to  the  theory  of  vis  viva.  The 
vis  viva  of  a  body  falling  freely  being  M  v',  and  h  being  the  height 
through  which  the  body  must  fall  to  acquire  the  velocity  v,  v^  =  2g  li; 

v  ., 

therefore  h  =  ;r — '  and  Wh  =  i  M  v  ;  that  is  to  say,  the  work  accu- 

2,7  .  "  . 

mulated  in  a  body  falling  freely,  available  for  extraneous  effect,  is 
expressed  by  half  the  vis  viva,  and  is  always  equal  to  the  simple 
product  of  its  weight  multiplied  by  the  distance  through  which  it 
has  fallen.  This  effect  may  be  expressed  in  foot-jjounds,  or  inch- 
pounds,  or  half-inch-pounds,  or  by  any  other  combination  of  weight 
and  fall,  but  it  can  never  by  any  possibility  exceed  itself,  and  is 
an  immutable  feature  of  the  laws  of  falling  bodies  applicable  to  all 
heights. 

Vis  viva,  according  to  Mosely,* 

"Does  not  represent  a  pressure,  or  force,  but  the  numerical  equiva- 
lent of  the  product  of  a  certain  niamber  of  iinits  of  pressure  and  a  certain 
number  of  units  of  path.  The  one  magnitude  being  of  as  totally 
different  order  from  the  other  as  an  area  is  different  from  a  line,  and 
therefore  having  no  common  unit  of  measure." 

Impact  and  vis  viva  are  thus  totally  different  things.  What 
enables  the  descending  ram  to  drive  the  jjile  is  the  energy  stored 
therein,  but  not  all  of  that  energy  is  available  for  the  purpose,  half  of 
it  being  required  to  maintain  the  movement  of  the  ram.  That  which  is 
available  is  known  as  the  accumulated  work,  to  be  expended  upon  the 
sum  of  the  resistances  offered  by  the  pile. 

In  the  Wellington  formula  the  principle  of  accumulated  work  is 
the  basis;  it  is  expressed  in  inch-pounds,  but  as  it  contains  a  silent 
factor  of  safety  of  6.  and,  as,  for  convenience,  h  is  given  in  feet, 
the  accumulated  work  is  written  2W  h  instead  of  W  12  Ji.  The 
denominator  is  the  measure  of  resistance  developed  by  the  jaile,  as 
indicated  by  its  jjenetration  under  the  last  blow,  or  settlement,  s, 
also  expressed  in  inch  terms.  Were  it  not  for  the  presence  of 
resistances  in  the  pile-driving  machine,  and  other  causes  tending  to 
oppose  the  driving  of  the  pile,  s  would  be  the  full  measure  of  the 
net  resistance,  and  the  quotient  would  be  that  resistance;  but  these 
various  unmeasixred  opposing  forces  must  be  taken  into  considera- 
tion, and  they  are  represented  by  the  constant  quantity,  1,  in  the 
denominator. 

Thus  we  have  the  derivation  of  the  Wellington  formula, 

2  Wh 
Q  =  Safe  Load  = —^ . 

s  4- 1 

*  "Mosely's  Mechanics  of  Engineering,"  p.  589. 
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Comparing  this  with  Mr.  Haswell's  formula,  which  is 

WVh 


Safe  Load 


1.125 


we  ijerceive  that  for  the  ^-in.  penetration,  to  which  the  latter  ai^plies, 

2  Wk 
it  becomes  Q  =  -  ,  and  if  we  assume  a  fall  of  16  ft.  we  shall  have 
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scale  of  fall  of  ram 
Fig.  1. 

"by  the  Wellington,   §  =     "1       ;  and  by  Haswell,  Q  =  ;  results 

differing  only  in  the  factors  of  safety.  That  is  to  say,  with  the  same 
actual  factor  of  safety  the  results  for  the  two  formulas  Avould  be  identical 
for  the  assumed  fall  of  16  ft. 
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The  assumed  factor  of  safety  in  the  Wellington  formula  is  6,  while 
the  assumed  factor  in  the  Haswell  is  only  4^;  actually,  the  above 
Wellington  expression  gives  Q  =  21.333  W,  and  the  Haswell  Q 
=  28.444  W. 

The  two  will  be  found  to  give  absolutely  the  same  working  result 
with  a  fall  of  28.45  ft.  A  study  of  the  diagram,  Fig.  1,  of  the  char- 
acteristic jilottings  of  the  respective  formulas  may  be  instructive.  The 
Haswell  formula  is  the  equation  of  a  parabola  and  Wellington's  is  a 
straight  line;  the  abscissas  are  the  heights  of  fall  of  the  ram  and  the 
vertical  ordiuates  the  safe  loads  expressed  in  units  of  ram  weight.  It 
will  be  noted  that  for  low  falls  the  Haswell  formula  gives  relatively 
great  safe  loads  and  for  high  falls  relatively  smaller  loads. 

Considering  that  the  highest  value  given  by  the  Wellington  line  has 
a  theoretical  factor  of  safety  of  6,  it  is  apjjarent  that  there  is  no  ad- 
vantage in  the  drop  of  the  Haswell  curve  at  the  higher  falls.  On  the 
other  hand  the  exceeding  great  values,  relatively,  given  by  it  for  the 
low  falls  show  its  inconsistency  and  the  danger  of  its  use  by  the  inex- 
perienced. It  will  be  seen  that  for  a  fall  of  only  2  ft.,  the  indicated 
safe  load  is  one-third  as  gi'eat  as  that  indicated  for  a  fall  of  18  ft.,  nine 
times  as  great. 

The  lower  of  the  two  inclined  straight  lines  in  the  diagram  is  in- 
troduced to  show  the  Wellington  values  when  the  penetration  is  1  in. 
It  will  be  observed  that  the  margin  of  safety  is  somewhat  decreased, 
so  that,  strictly,  the  supplementary  quantity  in  the  divisor  should  not 
be  a  constant,  but  a  variable,  as  was  pointed  out  by  the  speaker  in  the 
discussion  on  his  own  paper  on  this  subject,  presented  before  the 
Society  several  years  ago.*  There  can  be  no  question,  however,  that 
for  ordinary  penetrations  occurring  in  practice  the  Wellington  formula 
is  amply  safe,  and,  in  the  speaker's  opinion,  its  simplicity  and  ready 
aj^plicability  entitle  it  to  i^reference. 

E.  Shekman  GoxjXiD,  M.  Am.  Soc.  C.  E.— It  is  needless  to  say  that,  in 
the  speaker's  opinion,  this  paper  has'great  practical  value.  The  long 
experience  of  the  author  in  the  kind  of  work  described,  and  his 
mature  judgment,  give  importance  to  his  utterances.  He  exposes 
the  vast  array  of  irrelevant  elements  introduced  by  many  authorities 
into  a  problem  which,  from  its  nature,  does  not  admit  of  mathemati- 
cal refinement,  and  presents  a  formula  which,  in  the  speaker's  opinion, 
has  much  to  recommend  it.  Its  chief  peculiarity  is  in  assuming  the 
constant  value  of  h  in.  for  the  final  set,  instead  of  a  varying  one. 
That  is  to  say,  his  formula  assumes  what  amounts  practically  to 
"refusal,"  or  the  absence  of  further  penetration  after  the  last  blow  of 
the  hammer. 

The  problem  which  confronts  us  in  liile-driving  formulas,  is  to  find 


108,  596 


*  "  Uniform  Practice  in  Pile-Driving,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvii,  pp. 


DISCUSSION    ON    PILE-DRIVING    FORMULAS.  281 

the  true  relation  between  the  effect  of  the  sudden  impact  of  a  falling  Mr.  Gould, 
heavy  body,  and  the  steady  pressure  of  a  quiescent  one.  No  such 
relation  has  yet  been  discovered,  and  all  that  can  be  done  is  to  seek  an 
emijirical  expression  which  will  be  a  safe,  practical  guide.  The 
formula  quoted  by  the  author  as  "Wellington's,"  is  probably  the  one 
which  has  most  endeared  itself  to  American  engineers  from  its  sim- 
plicity and  generally  safe  results.  Its  denominator  is  a  binomial 
expression  containing  the  variable  set  of  the  pile,  or  its  final  penetra- 
tion, plus  unity.  In  this  form  it  is  relieved  of  the  absurd  results 
which  would  otherwise  ensue  from  taking  very  small  values  for  the 
set,  which  absiirdity  would  reach  its  climax  if  we  should  assume  abso- 
hite,  or  zero  set,  when  the  formula  would  give  an  infinite  bearing 
capacity  to  the  pile,  no  matter  how  light  the  hammer  or  how  low  the 
fall.  This  imi^ossible  result  is  avoided  by  using  .s  -f-  1  in  the  denomi- 
nator. 

Wellington's  formula,  however,  like  all  others  recognizing  move- 
ment or  set  in  the  i^ile  under  the  last  blow,  fails  to  meet  the  require- 
ments of  the  problem.  It  is  merely  the  statement  of  the  equality 
between  the  work  stored  in  a  heavy  body  falling  through  a  certain 
height,  and  a  force,  called  the  "safe  load  "  moving  through  a  relatively 
short  distance  called  the  "set."  There  is  no  quiescent  pressure 
involved,  nor  can  there  be.  Work  in  the  hammer  can  only  be  offset 
by  work  in  the  pile,  and  work  implies  movement  and  not  rest.  The 
"safe  load  "  is  not,  therefore,  according  to  these  formulas,  the  steady 
pressure  which  the  j^ile  could  bear  at  the  moment  of  receiving  the  last 
blow,  but  the  equivalent  pressure  which  would  at  that  moment  force 
the  pile  down  the  distance  of  the  final  set. 

After  receiving  the  blow  it  may  be  assumed,  on  empirical  princi- 
l^les,  that  the  pile  could  bear  that  weight  without  any  further  move- 
ment. 

These  considerations  appear  to  the  speaker  to  meet  the  question: 
What  formula  can  be  used  safely  in  the  case  of  a  set  of  considerable 
amount,  6  ins.,  for  instance  ?  The  answer  appears  to  him  to  be: 
None  at  all.  He  considers  that,  in  order  to  use  any  formula  success- 
fully, the  iDiles,  in  all  cases,  should  be  driven  to  a  final  set  of  not  more 
than  1  in.  If  a  pile  40  or  50  ft.  long  continues  to  go  down  as  much  as 
6  ins.  under  the  hammer,  then,  to  apply  a  formula,  the  weight  or  fall 
should  be  reduced  until  only  1  in.  set  is  produced,  and  its  bearing 
capacity  then  calculated  by  whatever  formula  may  be  preferred.  If  the 
final  set  is  taken  at  1  in.,  then  Wellington's  formula  reduces  to  Wh. 

In  regard  to  the  Wellington  formula,  which  the  speaker  has  always 
been  inclined  to  favor  in  the  above  modified  form,  it  must  be  under- 
stood distinctly  that,  like  all  empirical  expressions,  its  use  applies 
only  to  a  very  restricted  range  of  variation,  such  as  is  ordinarily  met 
in  practical  pile-driving.     That  is  to  say,  it  is  not  to  be  taken  as  a 
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Mr.  Gould,  general  proposition  in  applied  mechanics.  If  we  so  regard  it,  we 
shall  be  involved  in  the  practical  absurdity  of  admitting  the  effect 
upon  the  pile  to  be  the  same  whether  a  50-lb.  hammer  and  1  000  ft. 
fall  were  used,  or  a  5  000  000-lb.  hammer  and  0.01  ft.  fall. 

If  specifications  called  for  a  hammer  weighing  2  000  lbs.  and  a  fall 
of  20  ft.,  giving  40  000  foot-pounds,  and  it  were  found  that  only  a 
1  500-lb.  hammer  were  available,  it  might,  under  the  circumstances, 
be  admissible  to  use  the  lighter  weight  with  a  27-ft.  drop,  but  not  one 
of  1  000  lbs.  and  a  40- ft.  drop,  the  effect  of  which  would  be  quite  differ- 
ent from  that  intended. 

Mr.  Haswell  uses  the  square  root  of  the  height,  instead  of  the 
height  itself,  in  his  formula.  The  speaker  is  inclined  to  believe  that  this 
is  correct,  as  regards  the  work  practically  done  by  the  hammer,  and 
with  the  distinct  understanding  that  the  formiila  applies,  like  the 
Wellington,  only  to  comparatively  small  differences  of  fall.  The 
formula  also  contains  a  factor  of  safety,  varying  from  3  to  6.  Taking 
the  higher  value,  and  using  round  numbers,  it  will  be  seen  that  Mr. 
Haswell's  formula  reduces  to 

i  =  5  W  V~K 

in  which  L  =  the  safe  ultimate  load,  expressed  in  the  same  unit  as  the 
weight  of  the  hammer. 

It  has  already  been  shown  that  Wellington's  formula,  for  inch 
refusal,  reduces  to 

i=  Wh. 

Within  the  ordinary  range  of  height  of  fall  and  admitting  a  refusal 
of  1  in.  in  both,  the  two  will  not  differ  very  widely,  and  the  speaker  is 
inclined  to  believe  that  Mr.  Haswell  is  correct  in  minimizing  the  effect 
of  height,  particularly  as  this  tends  to  encourage  the  use  of  heavy 
hammers  and  low  drops. 

The  whole  subject  of  pile-driving  is  one  of  .iudgment  rather  than 
of  mathematics.  Mr.  Le  Conte  has  mentioned  some  of  the  curious 
changes  in  the  set  of  a  pile  brought  about  by  time,  according  to  the 
character  of  the  ground  penetrated.  It  seems,  however,  hardly  worth 
while  to  consider  the  case  of  such  materials  as  sand,  gravel  or  hard- 
pan.  Generally,  when  such  hard  formations  are  reached,  pile-driving 
is  stopped  and  a  case  of  bearing  piles  is  presented.  Soft  material 
under  or  above  water  is  what  we  are  most  concerned  with,  and  it  is  a 
matter  of  common  observation  that  piles  driven  in  such  material 
become  so  boiind  by  skin  friction,  that,  after  24  hours  of  repose,  their 
refusal  becomes  much  greater  than  during  the  original  driving.  This 
seems  to  be  true  to  a  marked  degree  in  the  case  of  jetted  piles.  In 
such  material,  jiiles  should  be  sent  down  as  rapidly  as  possible  by  a  con- 
tinuoiis  volley  of  quick  blows.  This  would  work  havoc  with  our 
formulas,  unless  the  jjile  driver  were  sent  back  again  next  day  to  test 
the  piles  for  final  set;  but  the  practical  result  would  be  superior. 


DISCUSSION    ON    PILE-DRIVING    FORMULAS.  283 

Horace  J.  Howe,  M.  Am.  See.  C.  E. — The  results  of  the  experiments  Mr.  Howe, 
in  Brooklyn  by  the  late  W.  J.  McAlpine,  Past-President,  Am.  Soc.  C  E., 
have  been  piiblished  in  many  papers.     One  of  his  conclusions  is,  tbat 
the  effect  of  increasing  the  fall  of  the  ram  is  to  increase  the  sustaining 
power  of  the  jiile  in  the  ratio  of  the  square  root  of  the  fall. 

Another  conclusion  is,  that  by  adding  to  the  weight  of  the  ram  the 
sustaining  poAver  of  the  pile  was  increased  by  ,-„  to  -,-0  of  the  amount 
used  to  the  ratio  of  the  augmented  weight  of  the  ram. 

As  a  result  of  Mr.  Haswell's  experiments  with  1-lb.  weights,  he 
presents  a  formula  for  the  safe  bearing  jjower  of  a  pile,  in  terms  of  the 
weight  and  fall  of  the  hammer,  an  assumed  penetration  of  h  in.  or  less 
(which  does  not  appear  separately)  and  a  factor  of  safety.  As  in  other 
instances,  this  safe  load  is  found  varying  directly  with  W,  and  a 
function  of  h  and  inversely  as  F;  and  there  seems  to  be  no  new  term 
added  to  make  the  formula  distinctive. 

Passing  from  the  question  as  to  whether  the  experiments  have  been 
interjireted  properly,  to  the  general  question  of  the  application  of  a 
formula  to  common  practice,  thei-e  seems  to  be  the  necessity  of  defin- 
ing, as  far  as  possible,  the  limit  of  the  reliability  of  any  formula. 

All  that  can  be  claimed  for  any  formula  for  the  safe  load  on  a  pile 
is  governed  by  the  condition  of  the  ground  at  the  time  of  driving. 

If  we  follow  the  career  of  a  pile  after  the  formula  has  left  it,  we 
enter  into  the  domain  of  history,  and  it  is  a  question  of  how  far  into 
history  we  care  to  go.  If  we  wish  short-time  tests,  say  a  week,  or  a 
year,  we  may  arrive  at  certain  conclusions.  If  we  wish  long-time 
tests,  say  40  or  50  years,  we  may  arrive  at  certain  other  conclusions,  or 
our  successors  may.  But  a  formula  is  only  a  neat  expression  for  a 
very  short-time  test  indeed,  and  the  emphasis,  at  the  j^resent  time, 
should  be  placed  on  the  deleterious  action  of  long-time,  and  more 
or  less  continuous,  forces. 

For  instance,  take  the  movement  of  a  railroad  train  near  a  building. 
The  speaker  has  sat  in  a  frame  house  1  000  ft.  from  the  track,  and  has 
been  astonished  many  a  time  at  the  noise  made  by  the  structure,  due 
to  the  vibration  transferred  through  dry  loamy  soil  to  the  masonry 
foundations,  and  thence  up  to  the  top  story. 

Again,  another  examj^le  is  a  factory  on  Fort  Point  Channel,  Boston, 
in  Avhich  the  movements  of  the  piles  are  seen  plainly  when  the  machinery 
is  in  motion.  A  long  pendulum  is  set  up  inside  the  building  to  chron- 
icle the  changes.  The  building  is  new,  and  the  blue  clay  is  pretty 
reliable,  and,  therefore,  the  settlement,  so  far,  has  been  slight. 

Sometimes  we  see  or  hear  of  a  layer  of  concrete  5  or  6  ft.  thick 
going  into  a  foundation,  without,  perhaps,  being  able  to  find  the 
man  who  figured  the  exact  thickness  required.  In  the  light  of  these 
principles,  £^nd  with  a  j)ile  foundation,  it  may  not  be  altogether  a  waste 
of  monev. 
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Mr.  Howe.        Then,  water  is  another  long-time  agent,  tending  not  only  to  convey 
lubricants  to  the  pile,  but  to  move  the  adjacent  soil  perhaps  laterally. 

The  matter  of  incident  decay,  too,  is  of  the  widest  interest.  It 
involves  a  knowledge  of  the  jjroper  elevation  above  low  water  at  which 
to  cut  off  the  jiile  or  to  limit  the  grillage  in  different  soils  and  for  dif- 
ferent purposes.  The  determination  of  this  limit  is  still  in  the  experi- 
mental stage,  and  depending  on  the  years  as  an  umpire  of  ojjinions. 

Then  another  point,  beyond  the  reach  of  the  formula,  is  the  relative 
supporting  power  of  one  pile,  and  of  a  mass  of  piles;  or  the  relative 
supporting  power  of  a  small  and  of  a  large  surface.  This  is  also  in  the 
exj)erimental  stage. 

Meanwhile,  the  pile,  ^vith  its  never-sleeping  load,  takes  advantage  of 
any  errors  of  judgment  on  the  part  of  the  engineer,  and  slips  down  and 
down  and  never  rights  itself.  So  that,  for  work  which  is  to  be  perma- 
nent, the  emphasis  should  be  on  the  long-time  experiments. 

Experiments  to  the  ultimate,  of  any  kind,  aie  rare,  and  it  may  be 
the  proper  time  to  say  that  it  is  scarcely  creditable  to  the  jjrofession. 
Recently,  in  a  room  full  of  engineers,  the  question  was  asked  as  to  ulti- 
mate experiments,  and  there  was  no  answer. 

The  profession  is  indebted  to  Mr.  Has  well  for  again  bringing  this 
condition  of  things  to  its  attention. 
Mr.  LeConte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  much 
interested  in  this  subject,  and  is  pleased  with  the  manner  in  which  it 
is  presented.  The  author  is  correct  in  his  criticism  of  existing  formu- 
las. The  true  cause  for  this  extraordinary  discrejiancy  in  computed 
results,  as  determined  by  standard  formulas,  is  to  be  traced  to  the  fun- 
damental fallacy  of  assuming  that  the  resistance  of  the  soil  to  the 
penetration  of  the  pile  is  constant,  for  any  given  depth,  during  the  time 
the  pile  is  being  driven,  and  that  this  condition  remains  constant  after 
the  pile  is  driven.  Both  of  these  assumptions  are  absolutely  untenable. 
Hence  the  writer  has  considered  the  problem  as  being  largely  beyond 
the  reach  of  mathematical  formulas  which  demand  rigid  facts  as  a 
foundation,  and  this  rigidity  does  not  exist.  The  following  notes,  based 
on  personal  experience,  will  go  to  show  the  absurdity  of  relying  upon 
the  computed  results  as  obtained  from  the  use  of  the  ordinary  standard 
formulas. 

Cctse  1.  Sandy  Soils.  — Soon  after  driving  begins,  a  cone  of  resist- 
ance forms  at  and  near  the  foot  of  the  pile,  and  the  material  comprising 
this  cone  becomes  more  and  more  compressed  as  the  pile  descends,  the 
IDenetration  at  each  blow  becoming  less  and  less  until  it  reaches  a  final 
minimum,  of,  say,  0.5  in.,  when  the  driving  is  completed.  Now,  wait 
24  hours  or  more,  and,  by  way  of  experiment,  begin  driving  a  second 
time.  It  will  be  observed  that  the  same  pile  now  jsenetrates  4 
to  5  ins.  at  the  first  blow.  What  does  this  mean  ?  It  simply  means 
that  the  com^jressed  material  surrounding  the  pile  has  had  time  to  dissi- 
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pate,  or  readjust  itself,  so  that  the  soil  has  resumed  its  normal  condition,  Mr.  Le  Conte. 
such  as  existed  before  any  driving  was  done.  It  would  appear,  there- 
fore, that,  in  sandy  soil,  the  penetration  at  the  last  blow  is  a  very 
dangerous  and  misleading  element  to  figure  on,  for  the  reason  that  it 
is  dependent  upon  a  temjiorary,  abnormally  compressed  condition  of 
the  soil,  which  is  always  short-lived,  and  cannot  be  depended  upon  as 
a  reliable  function  in  any  formula.  It  is  evident  that,  in  sandy  soil, 
the  Dutch  formula,  by  pro  rata  of  number  of  blows,  is,  for  obvious  rea- 
sons, prtferable  to  the  final-penetration  formulas. 

Cf/.se  2.  Plastic  Muds  and  Clays. — The  physical  conditions  are  entirely 
different  from  those  in  Case  1.  It  is  true  that  the  penetration  at  each 
successive  blow  becomes  less  and  less  until  the  driving  is  completed, 
that  at  the  last  blow  being,  say,  3  ins.  Now,  as  before,  wait  24  hours 
or  more  aud  begin  driving  the  same  pile  a  second  time.  It  will  be 
found  that  the  hammer,  after  repeated  blows,  cannot  start  the  pile  at 
all.  In  this  case,  then,  the  penetration  at  the  last  blow,  3  ins.,  is  no 
index  whatever  as  to  what  load  the  pile  will  withstand.  The  blow 
necessary  to  start  the  pile  after  standing  at  rest  for  24  to  48  hours  is 
the  better  test.  This  curious  physical  property  of  the  plastic  muds 
and  clays  has  been  properly  likened  to  the  similar  results  obtained  by 
forcing  a  pin  into  a  solid  india-rubber  ball.  The  same  force  which 
pushed  it  in  will  pull  it  out  again  if  it  is  jJuUed  out  immediately;  but, 
after  waiting  24  hours,  the  force  required  will  be  five  times  as  great. 

Case  3.  Hardpan  and  Sandy  Clays. — In  this  material  the  most  i^er- 
plexing  results  of  all  are  to  be  found.  The  writer  has  never  seen  any 
two  hardpans  which  developed  the  same  results.  The  ultimate  result 
depends,  not  only  upon  the  percentage  of  clay  and  sand  in  the  hardpan, 
but  also  upon  the  solubility  of  the  clay  when  brought  into  contact  with 
the  local  ground-water.  Where  piles  are  driven  through  ground-water 
overlying  hardpan,  the  water  invariably  follows  each  pile  down  as  it 
penetrates  the  ground,  and  softens  the  clay  in  contact  with  the  surface 
of  the  pile,  and  often  practically  destroys  all  lateral  friction.  In  such 
cases  the  only  point  of  support  is  at  the  end  of  the  pile,  and  the  over- 
head load  will  be  suiDported  by  a  cluster  of  columns  (piles),  the  heights 
of  which  are  equal  to  the  length  of  the  piles. 

Finally,  there  is  no  doubt  about  the  fact  that  the  best  way  to  test 
the  bearing  power  of  piles,  in  any  given  ground,  is  to  drive  experi- 
mental piles  to  the  required  dej^th,  then  load  them  with  pig-iron  and 
observe  the  eifects  after  long  standing,  and  thus  find  by  trial  their  ulti- 
mate resistance.  This  is  not  always  practicable,  in  which  case  the  next 
best  way  is  to  drive  experimental  piles  to  the  depth  required  or  specified, 
then  let  them  rest  for  48  hours  or  more  and  drive  them  a  second  time, 
and  note  the  droji  of  the  hammer  necessary  to  start  the  pile  and  the 
first  penetration  in  inches.  The  results  thus  obtained  represent  more 
nearly  the  resistance  of  the  soil  in  its  normal  condition. 
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Chakles  H.  Haswell,  M.  Am.  Soc.  C.  E.  (by  letter).— In  response 
to  tile  remarks  of  Mr.  Crowell,  on  the  results  and  deductions  of  the 
author's  experiments  to  ascertain  the  relative  impact  of  falling  weights 
from  different  heights,  it  was  not  essayed,  nor  was  it  held  to  be  at  all 
practicable,  to  determine  exact  measures  of  impact  with  an  instrument 
possessing  such  retarding  elements  as  a  spring-balance,  supplemented 
with  a  detent.  It  was  essayed  only  to  ascertain  the  relation  and  ratio 
of  the  imj^act  of  the  weights  from  different  heights  of  fall,  and  as  like 
causes  j^roduce  Kke  effects,  the  relation  of  the  results,  satisfactorily 
determined  by  repeated  operations,  were  just  as  conclusive  as  if 
obtained  with  the  exactness  of  the  requirements  of  normal  results. 

Eegardmg  the  final  penetration  of  0.5  in.  being  assumed  as  the 
base  of  the  formula  submitted,  it  was  taken,  inasmuch  as  it  is  not  only 
the  ordinary  limit  of  practice,  but  it  is  a  sufficient  refusal  and  the 
practically  proper  one;  as  the  difference  between  it  and  a  less  depres- 
sion is  not  only  difficult  to  observe,  but  the  attainment  of  it  is  of  little 
relative  value  with  the  usual  factor  of  safety,  and  when  effected,  it 
results  frequently  in  the  splitting  of  the  piles;  further,  if  it  is  differ- 
ent, the  factor  can  be  altered  to  meet  the  conditions,  and  in  any  for- 
mula, if  the  final  penetration  is  not  a  fixed  element,  computation  of 
the  capacity  of  a  pile  is  emasculated,  and  the  judgment  of  the  driver 
from  visual  observation  is  the  only  result  whereby  to  assign  its 
capacity. 

A  mean  factor  of  4.5  is  assumed,  and  when  it  is  considered  that  the 
resistance  of  a  pile  in  one  hour  after  being  driven,  is,  by  the  subsi- 
dence of  the  soil  around  it,  very  much  increased,  it  is  held  to  be  a  full 
measure  of  safety.  In  moist  sand,  with  a  rough  pile  of  oak  or  pine 
(not  spruce),  a  factor  for  a  quiescent  load  is,  in  the  author's  opinion, 
practically  unnecessary,  and  this  opinion  is  based  upon  exceptional 
opportunities  to  observe  the  effect  of  such  conditions. 

•  It  is  not  the  author's  purpose  to  discuss  the  application  of  vis  viva 
in  this  case,  it  is  preferred  to  give  observed  results.  The  resistance 
an  instrument  opposes  to  a  falling  weight  is  assumed  as  a  measure  of 
its  force,  whether  it  is  a  spring-balance  or  a  supporting  pile. 

In  further  support  of  his  remarks,  Mr.  Crowell  submits  a  diagram 
illustrative  "  of  the  characteristic  plotting  of  the  respective  formulas  " 
of  Wellington  and  the  one  submitted,  and  that  "it  will  be  seen  that 
for  a  fall  of  only  2  ft.,  the  indicated  safe  load  is  one-third  as  great  as 
that  indicated  for  a  fall  of  18  ft.,  nine  times  as  great."  Now,  as  the 
formula  gives  but  three  times  for  the  2  ft.,  and  as  V  2  9  l>s,  is  just 
three  times  that  for  18  ft.,  the  formula  agrees  with  the  illustration, 
and  the  result  is  not  nine  times,  as  asserted.  

Mr.  Gould  is  inclined  to  believe  that  the  use  of  the  %/  i/is  correct. 
His  opinion,  from  his  capacity  and  great  experience,  is  entitled  to 
much  consideration. 
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Mr.  Howe  recites  that  by  the  published  experiments  of  Mr.  McAl-  Mr.  Haswell. 
pine,  the  sustaining  power  of  a  pile  is  increased  in  the  ratio  of  the 
square  root  of  the  fall  of  the  ram.     This  also  is  in  support  of  the 
formula  used,  and   is   wholly  at  variance    with   the  formula  of  Mr. 
Wellington. 

Mr.  Le  Conte's  deduction  and  experience,  regarding  the  second 
driving  of  a  jiile  after  an  interval  of  a  day  in  sandy  soil,  is  at  variance 
with  the  author's  experience,  and  as  to  the  value  of  the  Dutch  formula, 
the  author  fails  to  recognize  the  utility  of  considering  the  number  of 
blows  of  a  ram,  when  the  effect  of  the  final  blow  or  impact  of  it  is  the 
measure  of  the  resistance  of  the  pile.  The  tenacity  of  a  nail  in  wood 
is  greater  when  driven  at  one  blow  than  by  a  number  of  them,  for  with 
one  blow  there  is  but  one  resilience  of  the  disturbed  fibers  of  the 
wood,  which  resistance  is  the  element  of  the  tenacity  of  the  nail,  and 
a  repetition  of  blows  is  a  rejaetition  of  the  resilience  and  consequently 
a  weakening  of  it. 

"  Molesworth  on  Pile-Driving  "  gives  a  table  of  the  force  of  a  blow  of 
a  falling  weight  =  V  W. 
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WITH  DISCUSSION. 

Over  a  year  ago  the  author  became  interested  in  the  question  of 
the  present  commercial  value  of  the  zinc-chloride  process  for  jjreserv- 
ing  timber,  and  particularly  ties;  with  the  result  that  he  began  an 
investigation  to  determine  for  himself  the  value  of  the  treatment  and 
the  occasion  for  it  in  the  United  States. 

Since  the  report  made  to  the  Society  by  its  Committee*  in  1885, 
there  has  been  but  little  published  on  the  subject,  and  that  has  been 
in  pamphlet  form,  making  it  extremely  difficult,  if  indeed  possible, 
to  secure  recent  and  accurate  data  on  the  subject.  Probably  many 
will  be  surprised  to  learn  that  during  the  last  12  years  something 
like  10  000  000  cross-ties  have  been  thus  treated,  and  that  during  the 
present  year  there  will  probably  be  1  500  000  ties  treated. 

It  is  hoped  that  this  paper  may  to  some  extent  add  to  the  knowl- 
edge on  the  subject  and  place  in  accessible  form  that  which  has 
already  existed  for  those  who  knew  where  to  find  it. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiv,  p.  247. 
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Ties  in  Genekal. 

Any  investigation  of  the  timber  resources  of  the  country  is  bound 
to  be  exceedingly  disappointing,  on  account  of  the  impossibility  of 
securing  any  complete,  or  even  correct  partial  data. 

The  Government,  through  the  Department  of  Forestry,  has  in- 
vestigated the  subject,  and  has  collected  much  information  as  to  the 
supply,  the  consumption,  the  characteristics  of  the  material  and  the 
best  methods  of  using  and  economizing  American  timbers.  With 
reference  to  the  special  subject  of  railroad  ties,  the  Department,  in 
1882  and  1883,  by  means  of  circulars,  collected  data  from  283  dif- 
ferent corporations,  representing  over  70  000  miles  of  track.  This 
data  covered  the  size  and  number  of  ties  used  per  mile,  the  kinds  of 
timb9r  used,  its  durability  and  cost,  with  general  information  as  to 
the  sources  of  sujDply,  etc.  In  1886  inquiries  covering  somewhat 
similar  ground,  resulted  in  replies  from  35  representative  corpora- 
tions, operating  46  000  miles  of  track.  The  first  indicated  the  average 
life  of  ties  to  be  as  follows:  White  and  burr  oak  7  years,  cypress  9 
years,  redwood  and  cedar  11  years,  and  for  other  woods  generally  5 
years.     In  the  later  report  it  is  stated : 

"  While  no  general  rule  can  be  laid  down  as  to  the  lasting  quality 
of  timber  imbedded  under  the  track  and  used  in  bridges  and  trestle 
work,  subject,  as  it  is,  to  the  endless  varieties  of  conditions  of  soil 
and  climate  in  different  sections  of  the  country,  nevertheless,  it  may 
be  safely  assumed  that  7  years  is  the  limit  of  the  average  usefulness 
of  ties  of  the  best  kinds  of  hard  wood,  and  4  years  for  the  soft  woods." 

The  46  000  miles  of  road,  covered  by  the  1886  report,  used  in  re- 
newals, the  preceding  year,  16  700  000  ties,  at  an  average  cost  of 
3-5.6  cents  each.  "  The  average  number  of  new  ties  required  annually 
for  each  mile,  to  rej^lace  decayed  ones,  is  365;  the  average  duration  of 
ties,  7.2  years." 

In  the  report  on  metal  ties  and  the  jireservative  processes  for 
wooden  ties,  prepared  by  E.  E.  R.  Tratman.  Assoc.  M.  Am.  Soc. 
C.  E.,  under  the  direction  of  Mr.  B.  E.  Fernow,  Chief  of  the  Division 
of  Forestry,  and  issued  in  1894  as  Bulletin  No.  9,  the  situation  is 
summarized  thus: 

"Briefly  recapitulating  statistics  as  given  in  the  previous  bul- 
letins, it  may  be  stated,  that  with  an  average  of  2  500  ties  per  mile, 
the  230  000  miles  of  track,  including  second,  third,  fourth  and  side 
tracks,  represent  575  000  000  ties  in  service.      Renewals  require  an- 
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niially  upwards  of  75  000  000  ties  "  (corresiionding  to  7f  years  of  life) 
"new  construction  13  000  000  ties,  or  the  total  annual  consumption 
in  round  numbers  of  90  000  000  ties,  equal  to  450  000  000  cu.  ft.  of 
forest-grown  material,  to  wbich  some  60  000  000  cu.  ft.  for  bridges  and 
trestle  work  miist  be  added,  making  the  total  consumption  for  railway 
purposes  exceed  500  000  000  cu.  ft.  This  requires  the  annual  culling 
of  the  best  timber  from  probably  more  than  1  000  000  acres,  and  the 
annual  i^roduct  of  at  least  50  000  000  acres  in  good  condition,  or  more 
than  lOX  of  the  present  forest  area  of  the  United  States  reserved  for 
this  one  use  alone. " 

Benjamin  Eeece,  M.  Am.  Soc.  C  E.,  demonstrates*  conclusively  the 
very  largely  increased  relative  importance  of  tie  renewals  as  compared 
■with  rail  renewals;  the  expenditure  for  ties  on  various  roads  having  in- 
creased relatively  to  rails  in  the  years  1880  and  1890  nearly  300  per 
cent.  Most  of  this  remarkable  increase  was  undoubtedly  due  to  the 
decreased  cost  of  rails  per  ton;  and  the  data  are  lacking  in  Mr.  Eeece's 
paper  to  determine  how  much,  if  any,  is  properly  attributable  to  in- 
creased cost  per  tie  or  to  decreased  life.  The  increased  importance  to 
the  railroads  of  the  expense  of  tie  renewals,  however,  is  not  affected, 
whatever  the  reason;  and  the  evidence  of  the  urgent  need  of  study  and 
effort  to  reduce  the  cost  of  such  renewals  is  sufficient. 

It  is  difficult  to  learn  much  about  the  history  of  the  ties  on  many 
American  roads.  A  rail  carries  with  it  the  name  of  its  maker,  the  year 
made  and  a  guaranteed  life.  The  tie  is  simply  a  stick,  looking  much 
like  any  other,  with  no  marks  on  it  and  no  record  anywhere.  The 
officials  know  that  the  first  ties  were  originally  laid  during  a  certain 
year;  that  perhaj)s  these  were  largely  replaced  when  new  rails  were  put 
down  at  a  later  date;  that  some  have  been  renewed  each  year  since;  and 
generally  that  is  all  that  can  be  accurately  stated.  Some  roads  can  do 
more,  and  can  tell  how  many  ties  have  been  replaced  on  each  section 
each  year;  but  if  an  attempt  is  made  to  ascertain  the  average  life  of  a 
certain  kind  of  tie,  or  of  all  kinds  in  the  main  track,  it  will  almost  in- 
variably result  in  disappointment.  In  certain  instances  there  may  be 
particular  stretches  of  road  where  for  special  reasons  the  roadmaster 
remembers  more  definitely  how  many  ties  have  been  removed.  This  is 
generally  where  the  ties  have  been  remarkably  durable,  or  else  short- 
lived, and,  based  on  that  recollection,  the  life  of  that  particular  kind  of 
tie  is  apt  to  be  given  as  longer  or  shorter  than  a  general  average  would 
justify. 

*  "The  Increasing  Cost  of  Railway  Tie  Renewals."  Transactions,  Am.  Soc.  C.  E. 
Vol.  xxvii,  p.  640. 
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The  trouble  is  that  there  has  never  been,  nor  is  there  now,  any  gen- 
erally accepted  method  of  marking  ties ;  and  indeed  there  is  no  particular 
advantage  in  knowing  just  how  long  any  single  untreated  tie  has  been 
in  place.  Presumably  the  best  obtainable  of  the  kind  are  bought,  and 
when  they  are  destroyed  more  must  be  purchased.  The  kind  selected 
has  usually  been  the  best  obtainable  from  the  adjacent  land. 

It  is  hoped  that  the  discussion  of  this  paper  will  bring  oiit  the 
records  of  careful  determinations  of  the  life  of  various  woods  used  as 
ties. 

It  may  be  concluded  that  at  present  the  only  information  regarding 
the  probable  Hfe  of  ties,  free  from  the  very  large  element  of  personal 
opinion,  to  be  secured  from  American  roads  generally,  is  to  be  obtained 
by  taking  the  total  tie  renewals  per  mile  of  road  per  year,  averaged 
over,  say,  5-year  periods.  This  will  indicate  the  average  number  of 
annual  renewals  per  mile,  and  whether  the  average  life  of  the  ties  is 
varying.  Covering  sidings  as  well  as  main  tracks,  however,  such  in- 
formation is  misleading,  as  regards  the  life  of  a  tie  in  the  main  line, 
must  be  carefully  interpreted  in  the  light  of  the  particular  conditions 
for  each  road,  and  can  be  considered  as  indicative  only.  To  compare 
one  road  with  another,  the  conditions  must  be  alike;  about  the  same 
relative  proportion  of  siding  and  main  track  ;  of  hard  and  soft  wood, 
and  of  tie-plates  used  ;  and  the  same  climatic  conditions  must  ob- 
tain. As  indicative  of  the  latter,  J.  F.  Wallace,  M.  Am.  Soc.  C.  E., 
Assistant  Second  Vice-President  of  the  Illinois  Central  Eailroad,  states 
that  white  oak  ties  on  his  lines  south  of  the  Ohio  River  have  an  aver- 
age life  of  from  4  to  6  years,  depending  upon  the  height  of  the  land 
where  the  timber  was  grown,  the  season  when  cut  and  the  kind  of 
ballast. 

North  of  the  Ohio,  in  central  and  southern  Illinois,  the  average  is 
from  7  to  9  years,  and  in  northern  Illinois  and  Iowa  it  is  from  9  to  12 
years. 

Through  the  kindness  of  the  officers  of  some  roads  and  from  an 
examination  of  the  annual  reports  of  others,  the  author  has  secured 
certain  data  on  renewals,  which  are  of  sufficient  interest  to  warrant 
preservation.     Mr.  Wallace  states: 

"  The  average  number  of  ties  used  each  year  on  the  Illinois  Cen- 
tral Railroad  for  the  past  18  years  has  been,  approximately,  300  to  the 
mile.  The  annual  number  used  per  mile,  however,  has  varied  from 
as  low  as  221  to  as  high  as  434.     I  estimate  it  will  require  an  average 
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of  350  ties  per  mile  per  annum,  taking  our  line  as  a  whole,  to  keep  up 
normal  repairs,  on  the  basis  of  3  000  ties  per  mile  of  track." 

Generally  speaking,  white  oak  ties  are  used  north  of  Memphis,  and 
cypress  ties  south  thereof. 

E.  A.  Handy,*  M.  Am.  Soc.  C.  E.,  has  given  the  annual  renewals 
per  mile  for  his  road  for  the  past  15  years,  showing  a  variation  from 
174  to  359  per  mile.  The  average  per  year  for  the  5  years  from  1883  to 
1887  is  310;  for  the  5  years  from  1888  to  1892,  317;  from  1893  to  1897, 
209.  The  only  explanation  obtainable  for  this  very  remarkable  de- 
crease is  the  reported  construction  of  a  lai-ge  amount  of  second  track 
in  1892,  1893  and  1894,  resulting  in  increased  mileage  without  in- 
creased tie  renewals.  However,  as  the  total  trackage  of  all  kinds  in 
1891  was  2  512  miles,  and  in  1897  was  2  651  miles  (an  increase  between 
these  years  of  less  than  6%),  the  one-third  decrease  in  renewals  is 
hardly  accounted  for.  The  extensive  preparations  made  jprior  to  1893 
for  the  demands  of  traflSc  during  the  Exposition  at  Chicago  may  have 
had  something  to  do  with  it.  As  evidence  that  it  was  not  due  solely 
to  extreme  economy  during  the  poor  years  just  past,  it  may  be  stated 
that  the  renewals  for  1897,  while  in  excess  of  the  four  previous  years, 
were  only  245  per  mile.     White  oak  ties  are  used  principally. 

The  annual  reports  of  the  Chicago  and  Northwestern  Railroad 
give  the  average  annual  renewals  for  the  years  1883  to  1887  as  206  (not 
exact,  as  the  length  of  side-tracks  for  4  years  was  estimated),  1888  to 
1892,  216;  1893  to  1897,  207.  During  these  years  the  track  mileage 
increased  from  4  100  to  7  057,  the  increases  being  made  by  yearly 
additions  of  reasonable  uniformity.  So  far  as  an  indication  of  the 
real  average  life  of  ties  is  concerned,  the  figures  are  deceptive. 

An  average  renewal  of  210  ties  corresponds  to  a  life  of  13^  years, 
assuming  2  800  ties  to  the  mile,  and,  on  the  mileage  of  1897,  to  a  total 
number  of  ties  renewed  of  1  481  970.  If  the  13  years  in  fact  repre- 
sented the  average  life,  and  no  allowance  was  necessary  for  the  ties 
destroyed  earlier  on  the  extensions,  before  the  average  life  had 
been  reached,  this  number  of  renewals  should  correspond  approxi- 
mately to  that  of  the  mileage  in  1884,  which  was  about  4  400.  As 
this  gives  a  renewal  per  mile  of  337  ties  instead  of  the  actual  210,  it  is 
evident  that  this  latter  figure  is  deceptive  and  is  due  to  the  rapid  in- 
crease in  the  length  of  the  road. 

*  Chief  Engineer  of  the  Lake  Shore  and  Michigan  Southern  Railroad. 
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Further  trial  computations  indicate  to  the  author  that  the  probable 
average  life  is  about  10  years,  corresponding  to  an  average  renewal 
rate  of  about  280  ties  per  year. 

Mr.  J.  E.  Blunt,  Chief  Engineer,  states  that  the  ties  in  all  their 
principal  main  lines  are  white  oak,  now  of  a  decidedly  poorer  quality 
than  formerly  used,  from  which  they  get  8  to  9  years'  life.  The  bal- 
ance of  their  ties  are  cedar,  giving  12  to  14  years'  service.  The  ties, 
per  mile,  average  about  2  700. 

K.  Montfort,  M.  Am.  Soc.  C.  E.,  has  kindly  furnished  statistics  for 
the  Louisville  and  Nashville  Eailroad,  from  which  the  following 
results  have  been  deduced: 

Average  renewals  per  mile  for  15  years  prior  to  1898 360 

"       10     "  "         "   342 

7     "  "         "   334 

"  "  "        for  the  year  1896-97 398 

"  "  "  "  "      1897-98  as  recommended.  375 

Noting  that  the  figures  for  the  renewals  for  the  10  and  15-year 
periods  include  only  those  divisions  which  have  been  built  that  length 
of  time,  on  which  the  amount  of  new  track  laid  is  presumably  quite 
small,  it  is  fair  to  assume  the  average  life  of  ties  on  this  road  to  be 
about  8  years. 

On  the  Chicago,  Milwaukee  and  St.  Paul  Railroad  the  record,  prior 
to  1889,  was  not  readily  obtainable.  Beginning  with  that  year's  an- 
nual report  the  renewals  each  year  to  1897  were,  280,  210,  204,  228, 
245,  245,  266,  262  and  242.  The  average  of  these  is  243,  corresponding 
to  a  life  of  about  11  years,  the  average  ties  in  use  per  mile  of  all  tracks 
being  about  2  700.  During  these  years  the  mileage  increased  from 
6  810  to  7  747,  an  amount  probably  not  sufficient  to  affect  greatly  the 
apparent  life  of  the  ties.  At  present  about  50%  of  new  ties  purchased 
are  white  oak,  and  about  45%  white  cedar.  In  i^ast  years  a  consider- 
ably larger  percentage  has  been  white  oak. 

Through  Thomas  Rodd,  M.  Am.  Soc.  C.  E.,  the  statistics  for  the 
Pennsylvania  Railroad,  West  of  Pittsburg,  have  been  furnished  by  Mr. 
Charles  Watts,  General  Superintendent.  The  average  life  of  various 
woods  used  for  ties  is : 

Oak,  9.2  years;  hackberry,  4  years;  tamarack,  5  years;  cedar,  wild 
cherry,  honey  locust  and  black  walnut,  8  years. 
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The  metliod  of  determining  these  periods  is  not  stated.  The  tie 
renewals  since  1883  have  varied  from  168  to  363.  The  average  by 
5-year  intervals  is:  1883  to  1887,  236;  1888  to  1892,  289;  1893  to  1897, 
212.  During  these  years  the  cost  of  ties  has  increased,  about  10%, 
and  the  quality  has  deteriorated.  The  length  of  haul  in  the  woods 
has  increased  an  average  of  6  miles  for  the  system,  indicating  the 
exhaustion  of  the  nearer  lands. 

Mr.  J.  B.  Berry  has  furnished  data  for  the  Fremont,  Elkhorn  and 
Missouri  Valley  Railroad,  of  which  road  he  was  Chief  Engineer  until 
quite  recently. 

The  figures  do  not  extend  back  beyond  1893,  but  they  are  remark- 
able, both  for  their  extreme  smallness  and  the  excellent  system  indi- 
cated. The  entire  renewals  for  1  344  miles  of  main  track,  none  built 
later  than  1888,  and  some  in  1868,  were  470  per  mile  for  the  years  1893 
to  1898,  inclusive,  or  less  than  80  per  mile  per  year.  The  renewal* 
figured  for  1898  were  those  recommended  to  be  used.  This  very  small 
number  is  due  to  various  causes  :  The  location  of  the  line  in  an  ex- 
tremely dry  section,  the  rigid  economy  required  during  the  period  of 
commercial  depression,  the  light  traffic  and  the  use  of  large  numbers 
of  cedar  ties  under  their  most  favorable  conditions.  A  considerable 
part,  however,  is  undoubtedly  due  to  Mr.  Berry's  systematic  and  con- 
stant inspection  of  the  ties,  as  requisitioned  for  and,  when  removed 
from  the  track,  as  destroyed.  Each  year  tables  similar  to  those  shown 
in  Forms  A  and  B  have  been  jsrepared,  giving  the  data  for  every  por- 
tion of  the  road. 

FoKM  A. 


{Miles  of 
Location,   j   main 
I  track. 


Year 
road 
built. 


Average  num- 
ber of  ties  per 
mile  of  main 
track. 


Assumed  aver- 
age life  of  ties 
in  years. 


Making  aver- 
age per  mile 
per  year  for 
main  track. 


Number  ties 
requested 

per  mile  for 

1898  main 

track. 


FOKM   B. 


Miles  of 
main 
track 


Year 
road 
built. 


Renewals  per  Mile. 


Proposed  for  1898. 
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All  ties  removed  during  the  year  are  piled  up  and  not  destroyed 
until  inspected  by  the  Chief  Engineer,  and  to  this  post  mortevi  Mr. 
Berry  attributes  most  of  the  credit.  Presumably  he  claims  no  origin- 
ality for  either  the  method  of  tabulating  the  facts  or  the  final  in- 
spection. Mr.  Reece,  in  the  paper  previously  referred  to,*  states  that 
he  inaugurated  the  same  system  on  the  Lake  Shore  and  Michigan 
Southern  Railroad  with  great  benefit;  but,  as  the  author  has  found 
sufficient  evidence  of  the  need  of  such  systematic  care,  he  feels  justified 
in  presenting  Mr.  Berry's  method  to  the  Society. 

None  of  the  roads  mentioned  has  used  treated  ties  more  than  ex- 
perimentally, if  at  all.  The  figures  given  for  renewals,  excepting  in 
the  last  instance,  are  per  mile  of  all  tracks,  both  main  and  sidings,  and 
consequently  correspond  to  a  longer  life  than  is  obtained  in  the  main 
track.  This  accounts  for  the  discrepancy  between  the  life  of  ties  given 
by  the  average  renewals,  and  that  previously  stated  by  the  various 
roads,  as  the  actual  life  of  particular  woods  in  the  main  track  service. 
The  average  annual  renewals  for  the  past  15  years,  indicating  very 
clearly  the  climatic  effect,  are: 

Pennsylvania  Railroad,  West  of  Pittsburg 245; 

Lake  Shore  and  Michigan  Southern 280; 

Chicago  and  North  Western 28')    (corrected  for  ex- 
tensions) ; 

Chicago,  Milwaukee  and  St.  Pavil 243    (for  9  years  only); 

Illinois  Central 300    (350    on    basis    of 

3  000    ties    per 

mile); 
Louisville  and  Nashville 360. 

Ties  perish  by  the  mechanical  destruction  of  the  fibers  under  the 
rail;  splitting  by  seasoning  and  cutting  out  of  fiber  by  respiking; 
and  by  natural  decay.  In  its  normal  condition,  to  resist  these  three 
influences,  a  timber  is  required  which  shall  have  sufficient  hardness  to 
resist  the  mechanical  injury;  a  high  degree  of  coherence  between 
fibers  ;  and  a  sap  of  such  chemical  composition  as  will  offer  the  least 
encouragement  to  the  development  of  the  fungoid  life  which  destroys 
the  fiber. 

The  destruction  of  the  fibers  under  the  rail  is  generally  attributed 
to  the  cutting  and  abrading  action  due  to  the  deflection  of  the  rail  and 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvii,  p.  640. 
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tie  and  the  longitudinal  movement  of  the  rail  as  the  load  passes  over 
it;  and  the  dii'ect  compression  of  the  timber  is  considered  as  too  small 
to  aflfect  it.  If  a  60-lb.  rail  has  a  bearing  on  the  tie  of  4}  x  8  ins.,  or  34 
sq.  ins. ,  an  engine  with  30  000  lbs.  on  an  axle  would  cause  a  pressure  of 
441  lbs.  per  square  inch  on  the  tie,  making  no  allowance  for  distribu- 
tion by  the  rail.  According  to  investigations  of  the  Forestry  Depart- 
ment of  the  Government,  the  pines  and  cedars,  when  saturated  with 
water,  as  the  surface  of  a  tie  is  likely  to  be  at  times,  have  a  resistance 
to  a  3%  j)enetration  across  the  grain,  of  from  400  to  500  lbs.,  corre- 
sponding to  the  assumed  working  limit  of  compression.  As  the  con- 
dition of  a  hill  bearing  on  a  new  tie  is  decidedly  improbable,  it  is  by 
no  means  impossible  that  in  such  woods,  the  initial  cutting  under  the 
rail  may  be  due  largely  to  the  direct  compression. 

The  injury  by  splitting  from  seasoning  can  be  reduced  by  covering 
with  ballast  a  larger  part  of  the  ties  subject  to  such  action,  and  that 
from  respiking  by  carefully  phigging  all  spike  holes.  As  to  the  gen- 
eral practice  regarding  plugging,  the  author  is  not  qualified  to  speak. 
He  understands  that  it  is  generally  neglected,  but  he  knows  of  one 
road  which  supplies  the  section  men  with  turned  plugs  of  seasoned 
elm;  and  the  instructions  are  that  every  hole  shall  be  carefully 
plugged,  whether  the  spike  is  redriven  into  it  or  not,  unless  the  tie  is 
so  decayed  as  to  necessitate  removal  within  a  year.  The  results  are 
reported  as  being  very  satisfactory  and  the  slight  expense  of  jaroviding 
the  proper  material  for  such  use  fully  justified. 

To  secure  the  best  results  with  any  tie,  it  is  necessary  that  the  tree 
be  cut  at  the  proper  time,  the  wood  seasoned  before  being  placed  in 
the  track,  and  the  roadbed  well  drained.  The  necessity  for  cutting  at 
a  jDarticular  time  has  been  attributed  to  various  causes  :  The  greater 
amount  of  sap,  the  greater  activity  of  the  sap,  the  change  of  position 
of  the  sap  in  the  tree  and  the  change  in  the  character  of  the  sap  at  cer- 
tain seasons,  which  were  consequently  to  be  avoided  for  cutting.  The 
latest  dictum  on  the  subject,  as  contained  in  the  10th  Bulletin  of  the 
United  States  Forestry  Division,  and  reprinted  in  Professor  J.  B.  John- 
son's "  Materials  of  Construction,"  is: 

"Wood  cut  in  the  fall  is  more  durable  than  that  cut  in  summer, 
only  because  the  low  temperature  of  the  winter  season  prevents  the 
attack  of  the  fungi,  and  the  wood  is  thus  given  a  fair  chance  to  dry. 
Usually,    summer-felled   wood,    on   account  of    the    prevalent  high 
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temperature  and  exposure  to  sun,  checks  more  than  winter-felled 
wood;  and  since  all  season-checks  favor  the  entrance  of  both  moisture 
and  fungus,  they  facilitate  destruction." 

Whatever  the  reason,  there  seems  to  be  no  question  but  that  in  the 
northern  jjart  of  the  United  States,  timber  should  be  cut  in  the  late 
fall  and  winter.  The  value  of  seasoning  seems  also  to  be  undisputed, 
but  the  record  of  exjierience  on  the  subject  is  small.  That  the  road- 
bed should  be  well  drained,  to  prevent  the  decay  of  the  ties,  is  evident; 
and  that  the  ballast  should  not  cover  the  ends  of  the  ties,  so  as  to 
prevent  the  ready  escape  of  water  and  the  circulation  of  air  around 
them,  is  good  practice  which  is  frequently  ignored. 

The  immediate  cause  of  the  removal  of  the  average  tie  is  dependent 
upon  the  character  of  the  timber  used,  the  climatic  conditions,  the 
severity  of  tie  inspection,  both  when  i^urchasing  and  after  service  in 
the  track,  the  character  of  the  roadbed  and  the  amount  of  traffic.  It 
may  be  decay  or  the  mechanical  destruction  under  the  rail.  If  it  is 
■decay,  it  may  be  the  general  failure  of  the  stick,  or  local  rot  under  the 
rail.  In  any  case,  it  may  be  concluded  that  anything  which  will  post- 
pone the  decay  of  the  wood,  will  add  to  the  life  of  the  tie,  for  where 
the  fibers  are  injured,  rot  will  find  favorable  conditions  for  develojj- 
ment,  and  where  the  rot  has  begun,  the  fibers  are  reduced  in  strength 
and  quickly  destroyed.  With  certain  woods  durability  can  be  secured 
by  mechanical  means  for  preventing  the  breaking  down  of  the  fibers 
Tinder  the  rail,  as  by  tie-jDlates.  This  is  especially  true  of  cedar, 
•cypress  and  redwood.  Woods  which  are  of  such  texture  that  they 
resist  decay  and  mechanical  injury  equally  well  for  considerable 
periods,  and  have  consequently  been  the  most  satisfactory  timber  for 
ties,  are  unfortunately  few  ;  being  the  white,  burr,  chestnut,  post  and 
rock  oaks.  With  most  of  the  American  woods,  however,  nothing  will 
materially  j^rolong  the  life  of  the  tie  which  does  not  essentially 
change  the  condition  of  the  sajj.  Such  change  may  in  itself  be  suffi- 
cient to  make  a  timber  perfectly  adapted  for  use  as  a  tie,  or  it  may 
still  be  necessary  to  protect  it  from  mechanical  injury  ;  the  deter- 
mining factors  being  the  character  of  the  timber  operated  on  or  the 
process  used. 

The  oaks,  which  have  been  in  the  past  and  still  are  in  some  local- 
ities the  principal  source  of  the  best  ties,  are  rapidly  being  exhausted. 
It  is  an  especially  favored  road  which  can  to-day  secure  any  considerable 
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supply  of  good  white  or  burr  oak  from  its  owu  territory,  and  even  then 
it  is  the  policy  to  use  the  oak  for  but  a  part  of  the  supply,  supple- 
menting it  with  other  and  less  desirable  materials.  The  report  of  one 
of  the  committees  of  the  Koadmasters'  Association,  made  to  the  annual 
meeting  held  in  Denver  in  September,  1898,  may  be  quoted  as  indicat- 
ing the  general  conviction  that  the  day  of  the  hardwood  tie  is  nearing 
its  close.     This  report  recommended: 

"  That  tie-plates  with  soft  ties  be  used  in  preference  to  hard  ties 
without  any  plate,  when  the  natural  life  of  the  soft  tie  is  equal  to  or 
greater  than  the  natural  life  of  the  hard  tie,  cost  being  equal." 

The  cedar  is  being  more  largely  used  with  and  without  tie-plates, 
but  any  largely  increased  demand  for  cedar,  due  to  its  adoption  gen- 
erally, would  probably  cause  a  rapid  increase  in  cost.  It  is  not  a  wood 
which  is  generally  or  uniformly  distributed  throughout  the  country; 
and  even  in  Chicago,  closely  adjacent  to  the  cedar  supplies,  the  in- 
creased demand  of  the  last  3  years  has  advanced  the  price  from  25 
cents  to  38  cents. 

The  future  supply  of  ties  must  undoubtedly  come  from  what  are 
now  considered  the  second-class  or  even  waste  woods.  These,  after 
chemical  treatment,  will  resist  decay  for  from  10  to  12  years  and  will 
generally  cost  less  than  the  white  or  burr  oaks. 

One  of  the  causes  which  has  prevented  the  more  general  adoption 
of  preservative  methods,  has  been  the  low  cost  of  timber,  even  of  the 
best  quality.  Notwithstanding  the  generally  admitted  fact  that  the 
supply  of  such  timber  is  materially  less  than  it  was  I(»  years  ago,  in 
many  localities  the  cost  is  no  greater  than  it  was  then;  and  in  some 
cases  it  is  even  less.  One  of  the  Western  roads,  which  10  years  ago 
paid  50  cents  each  for  the  white  oak  ties  purchased  along  its  own  lines, 
is  now  ijaying  for  the  same  tie  45  cents;  and,  owing  to  stricter  and  more 
thorough  inspection,  it  is  getting  better  timber.  However,  although 
this  road  runs  through  a  magnificent  timber  country,  and  jjurchases 
all  the  oak  ofl'ered  for  sale  on  the  line,  it  has  been  found  necessary  to 
supplement  the  supply  by  importations  from  the  South  at  higher 
prices,  and  by  the  increased  use  of  soft  woods.  This  year  a  larger  per- 
centage of  soft  woods  will  be  used  than  has  been  the  custom. 

One  explanation  of  this  shortening  of  the  supply  without  a  corre- 
sponding increase  in  cost  may  perhaps  be  that  given  in  one  of  the  Gov- 
ernment reports  on  the  subject: 
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"  The  agencies  employed  in  supplying  the  enormous  quantities  of 
ties  required  by  the  railway  system  may  determine,  to  a  great  extent, 
the  amount  and  price  of  material  ofiered  in  the  market.  In  many  parts 
of  the  country  the  cutting  and  hauling  of  ties  to  railway  stations  is 
performed  mostly  by  farmers  to  whom  this  labor  is  a  source  of  ready 
cash  and  employment  of  spare  time.  Owing  to  this  mode  of  supply, 
an  abundance  of  material  is  steadily  offered,  giving  railways  full  con- 
trol in  the  selection  of  the  best  quality  and  in  the  price  paid;  while  by 
a  regulation  of  the  rates  of  fi-eight  they  can  prevent  an  undue  export 
to  the  treeless  sections  of  the  country,  or  check  materially  the  lumber 
industry  of  certain  localities.  In  this  way  prices  are  kept  down  and  a 
show  of  seeming  abundance  is  maintained  which  does  not  in  the  least 
prove  the  suj^ply  to  be  adequate,  but  merely  shows  that  the  great  num- 
ber of  people  engaged  in  this  industry  are  willing  to  haul  ties  to  the  rail- 
way over  distances  steadily  increasing  as  the  timber  nearest  the  lines  is 
cut  off.  Immense  quantities  of  tie-timber  are  thus  cut  down  and  de- 
livered to  the  railways  at  prices  below  its  real  value.  At  the  time  the 
leading  lines  west  of  the  Missouri  River  were  constructed,  extensive 
tracts  of  white  oak  timber  were  laid  waste  in  the  Western  States.  And 
the  same  process  is  going  on  throughout  the  white  cedar  regions  of  the 
North,  from  which  immense  quantities  of  ties  are  thrown  on  the  timber 
market.  These  channels  of  supply,  based  solely  on  considerations  of 
monetary  profit,  will  continue  to  bring  to  market  the  forest  wealth 
of  many  sections  of  the  land,  but  in  many  instances  and  at  a  time  not 
far  distant  Nature's  bountiful  supply  will  be  exhausted,  and  the 
reckless  system  of  forest  clearing  will  of  necessity  be  a  thing  of  the 
past." 

This  was  written  12  years  ago  and  the  triith  of  it  is  evidenced  by 
the  greater  scarcity,  and,  so  far  as  many  roads  are  concerned,  practical 
exhaustion,  of  the  white  oak  supplies  in  the  northern  part  of  the 
country. 

The  constant  extensions  of  railroads  into  new  territory,  opening  uj) 
forests  before  inaccessible,  has  had  even  more  to  do  with  the  stationary 
prices.     A  recent  number  of  a  trade  j)ublication*  says: 

"So  long  as  railroad  rails  rest  on  wood,  so  long  the  white  oak  tie 
will  be  wanted  above  any  other  available  wood.  A  large  proportion  of 
the  mileage  of  western  roads  has  for  many  years  been  laid  with  this 
tie  and  on  ties  brought  from  the  woods  of  the  three  white  pine  States. 
But  the  time  has  now  come  when  this  source  of  suj^ply  is  failing 
rapidly. 

"  The  States  of  Michigan,  Wisconsin  and  Minnesota  to-day  furnish 
probably  one  white  oak  tie  where  5  years  ago  they  furnished  five. 
With  the  present  rate  of  cutting  these  ties  in  these  States,  the  supply  5 
*  The  Mississippi  Valley  Lnmbei-nian. 
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years  hence  promises  to  be  insignificant.  Four-fifths  of  the  white  oak 
ties  now  being  bought  by  the  roads  running  through  these  States  are 
broiight  from  the  South.  In  time  the  supply  will  be  almost  wholly 
from  the  South. 

"  Though  the  supply  of  white  oak  suitable  for  ties  has  grown  so 
small  in  the  North,  the  market  value  of  this  tie  has  remained  almost 
stationary  because  of  the  recent  influx  of  the  Southern  tie.  The 
Omaha,  the  Soo,  the  Wisconsin  Central  and  the  Milwaukee  lines  have 
this  year  drawn  the  bulk  of  their  white  oak  from  the  South.  A  reduc- 
tion in  freight  rates  is  in  part  responsible  for  this. " 

Experience  with  Southern  oaks  when  brought  North  seems  to  be 
somewhat  contradictory,  but  is  probably  unsatisfactory,  while  the  cost 
is  high.  As  a  consequence,  it  is  believed  that  the  supply  of  ties  gen- 
erally and  very  shortly  will  have  to  come  from  the  inferior  grades 
of  timber,  with  a  corresponding  large  increase  in  the  number  of 
annual  tie  renewals,  unless  it  is  possible  to  so  treat  them  at  a  low  cost 
as  to  give  them  a  life  equal  or  superior  to  that  now  secured  from 
the  oaks. 

Kesume  of  Kepokt  of  1885. 

In  1885  a  Committee  of  this  Society,  consisting  of  nine  members, 
presented  an  exhaustive  report  on  the  subject  of  the  preservation  of 
timber  ;  Avhich,  with  the  discussion  thereon,  participated  in  by  six- 
teen other  members,  still  stands  as  the  authoritative  statement  on  the 
subject;  and  many  of  the  general  conclusions  of  the  Committee  remain 
uncontroverted  to-day.  Very  naturally,  however,  during  the  past  12 
years  much  has  been  learned,  some  of  the  ideas  formerly  held  have 
been  modified  and  confirmatory  evidence  produced  as  to  others. 

The  conclusions  in  the  report  on  the  preservation  of  ties  were: 

"  If  the  exposure  is  to  be  that  of  a  railroad  tie,  creosoting  is,  doubt- 
less, the  most  perfect  process  to  use,  but  in  view  of  the  expense,  it 
may  be  preferable  to  use  a  cheaper  process,  dependent  somewhat  upon 
the  location. 

"With  our  present  knowledge,  and  as  a  result  of  this  investigation, 
we  believe  Burnettizing  (the  zinc-chloride  jsrocess)  is  the  advisable 
process  to  use  for  ties  at  present  in  this  country." 

The  facts  uj)on  which  the  conclusion  as  to  the  sufficiency  of  Bur- 
nettizing was  based  were  the  following: 

A  street  railway  in  Cambridge,  Mass.,  was  laid  with  spruce 
stringers  and  sleepers  in  1855.     In  1883,  28  years  later,  the  stringers 
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were  all  worn  out,  but  the  president  reported  that    "many,  and,   1 
think,  the  majority  of  the  sleepers  are  in  good  condition  to-day." 

On  the  Vermont  Central  Eailroad  ties  were  treated  in  1856  to  1860, 
at  which  time  the  plant  was  abandoned  and  the  entire  matter  lost  sight 
of  imtil  1879,  "when  an  old  side  track  was  removed,  which  had  not 
been  in  use  for  several  years,  and  which  was  nearly  covered  with  earth 
and  grass;  still  the  hemlock  ties  were  then  found  to  be  nearly  sound  " 
after  over  20  years. 

"The  reasons  for  abandoning  the  Burnettizing  works  upon  this 
road  would  seem  to  be  that  the  officers  in  charge  at  that  time  lost 
faith  in  the  theory,  and,  as  it  was  an  experiment,  they  did  not  learn 
of  its  value  until  recently  discovered  in  the  manner  referred  to." 

In  a  wharf  and  in  a  street  railway  in  Boston,  Mass.,  spruce  plank 
and  track  stringers  which  were  Burnettized  in  1857  were  sound  in  1872, 
or  15  years  afterward. 

On  the  Chicago,  Eock  Island  and  Pacific  Eailroad  eight  spans  of 
Howe-truss  bridges  built  in  1860  were  still  in  use  and  in  fair  condition 
in  1882.  On  this  road  2  000  ties  of  hemlock,  pine,  tamarack  and  cedar 
were  laid  in  1866.  In  1882  about  75%  of  the  hemlock  was  still  in  the 
track  and  good  for  several  years  longer;  the  pine  and  cedar  ties  had 
all  been  removed  sometime  during  the  15  years — the  tamarack  lasting 
about  as  long  as  the  hemlock. 

On  the  Boston  and  Albany  Eailroad  a  100-ft.  bridge,  built  in  Bos- 
ton by  the  late  E.  S.  Philbrick,  M.  Am.  Soc.  C.  E.,  was  provided  with 
green  spruce  Burnettized  ties  in  1860  which  lasted  9  years.  They  were 
replaced  by  untreated  pine,  lasting  6  years,  and  these  were  replaced 
by  untreated  chestnut,  lasting  7  years. 

Untreated  spruce  is  stated  by  Mr.  Philbrick  to  have  a  life  of  4  to  5 
years. 

On  the  Lehigh  and  Susquehanna  Eailroad,  L.  L.  Buck,  M.  Am.  Soc. 
C.  E.,  reported  in  1883  that  he  had  examined  Burnettized  maple, 
beech  and  hemlock  ties  laid  in  1867-68  which  had  ' '  resisted  decay  al- 
most perfectly.  Most  of  the  treated  ties  appeared  good  for  7  or  8  years 
longer." 

This  represents  the  American  experience  in  1885  favorable  to  zinc 
chloride  as  a  tie  preservative.  There  were,  in  addition,  the  results  of 
30  years  of  German  experience,  which  can  be  summarized  from  Council- 
lor Funk's  paper  in  the  report  as  follows:  In   1880,  out  of  60  000  000 
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ties  laid  on  the  Grerman  and  Austro-Hungarian  railroads,  about 
25  000  000  were  impregnated,  the  majority  with  zinc. 

"As  the  experience  of  those  railroads  that  have  for  from  25  to  26 
years  impregnated  their  ties  with  chloride  of  zinc  under  pressure,  after 
steaming  and  abstracting  the  saj),  has  been  very  satisfactory,  and  as 
this  system  costs  only  one-half  to  one-third  as  much  as  impregnation 
with  creosote  or  corrosive  sublimate,  the  majority  of  roads  have 
adopted  the  chloride  of  zinc  process. 

' '  The  average  life  of  ties  impregnated  in  a  rational  manner  with 
creosote  or  chloride  of  zinc  under  a  powerful  pressure  reaches: 

"  For  oak  ties 19.5  years. 

"     fir  ties 14  to  16  years. 

' '     pine  ties 8  "  10     " 

"     beech  ties 15  "  18     " 

"  The  results  of  impregnation  of  chloride  of  zinc  and  creosote  are 
about  equal.  But,  as  the  impregnation  with  creosote  costs  about  three 
times  as  much  as  with  chloride  of  zinc,  a  majority  of  the  German 
railroads  have  gone  over  to  the  latter. " 

In  addition  to  this  favorable  evidence,  there  was  some  which  was 
unfavorable.  In  1861  the  Erie  Railroad  built  a  plant  at  Owego,  N.  Y., 
in  which  plank  and  bridge  timbers,  as  well  as  a  few  experimental  ties, 
were  treated.  The  results  were  unsatisfactory,  the  large  timbers,  in  8 
or  9  vears,  having  decayed  at  the  center,  leaving  a  hard  crust  on  the 
outside.  In  the  opinion  of  the  Committee,  the  reasons  for  the  un- 
favorable results  were :  The  original  imijerfections  in  the  "Bethel  pro- 
cess," it  being  attempted  to  extract  the  moisture  (before  injection)  by 
the  vacuum  alone,  without  preliminary  steaming;  the  selection  of  bridge 
timbers  which  are  less  adapted  to  the  treatment  than  ties;  operating 
on  entirely  unseasoned  timber,  and,  perhaps,  the  use  of  insufficient 
pressure.     Referring  to  the  use  of  green  timber: 

"  As  a  confirmation  of  this  view,  it  may  be  mentioned  that,  while 
the  bridge  timber  did  not  last  well,  several  sets  of  switch  ties, 
which  had  been  cut  about  eight  months  and  seasoned,  were  Burnett- 
ized  at  Owego  for  the  road  department  of  the  Erie  Railway,  and  laid 
in  its  tracks,  with  the  result  that  9  years  afterward  they  did  not  show 
a  particle  of  decay.  These  ties  have  been  lost  sight  of  since,  but  your 
committee  has  in  its  possession  an  oak  tie,  one  of  a  lot  of  two  car  loads, 
seasoned  and  Burnettized  at  Owego,  which  lay  in  the  track  at  Susque- 
hanna Station  for  17  years,  and  is  almost  perfectly  sound  to-day." 

The  Philadelphia,  Wilmington  and  Baltimore  Railroad  and  the 
Philadelphia  and  Reading  Railroad  built  works  in  1863  and  1867.     The 
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results  were  satisfactory  as  regards  decay,  but  the  strength  of  the 
timber  was  so  injured  that  the  ties  broke  in  the  track. 

"The  explanation  is  that  the  solution  was  too  strong,  and  the  sur- 
plus zinc  probably  crystallized  in  the  sap  ducts  of  the  timber,  burst 
some  of  them  asunder,  and  so  made  the  wood  brittle.  On  the  Phila- 
delphia, Wilmington  and  Baltimore  Railroad  a  solution  was  used 
probably  5  or  6%  strong,  and  on  the  Philadelphia  and  Reading  Rail- 
road the  solution  was  3^%  strong,  while  experience  in  Germany  has 
thoroughly  established  the  fact  that  for  railroad  ties  the  solution 
should  not  be  over  2%  strong,  and  1.91%  is  considered  the  standard." 

The  present  German  practice,  as  to  strength  of  solution,  will  be 
given  later.  There  is  no  evidence  known  to  the  author  to  confirm  the 
supposition  that  the  surjDlus  zinc  contained  in  solutions  of  the  strength 
mentioned  has  ever  crystallized  in  the  ducts  and  injured  the  fiber.  It 
is  probably  simply  a  conclusion  based  upon  an  idea. 

In  the  consideration  of  this  recoi'd  in  the  United  States  it  is  ne- 
cessary to  remember  that  while  the  use  of  zinc  chloride  as  a  preserva- 
tive of  wood  was  patented  in  1838,  the  Bethel  process  of  securing  the 
saturation  of  the  timber  by  pressure  proceeded  by  partial  vacuum  was 
invented  in  1840;  and  an  attempt  to  apply  the  treatment  was  made  here 
as  early  as  1850.  The  work  for  the  next  20  years  was  largely  experi- 
mental. Everything  had  to  be  learned  as  to  the  proper  methods  of 
treatment,  the  process  perfected,  and  the  best  materials  to  work 
upon  ascertained.  Timber  was  then  so  cheap  and  lalentiful  in 
the  United  States  as  to  leave  but  small  incentive  to  devising  means  of 
economizing  it.  That  the  results  of  treatment  were  so  largely  favor- 
able and  the  probable  causes  of  failure  so  evident,  is  remarkable.  The 
record  of  the  hemlock  and  tamarack  ties  on  the  Rock  Island  road  is 
difficult  to  account  for,  in  the  light  of  later  experience.  After  15  years' 
service,  75^;^ were  reported  as  still  in  the  track.  As  will  be  seen  later, 
the  more  recent  hemlock  ties  on  this  road  show  a  shorter  average  life, 
and  it  must  be  that  the  previous  statement  was  in  error,  or  the  treat- 
ment the  ties  received  before  and  after  they  were  put  into  the  track 
was  more  favorable  than  that  of  later  years. 

An  endeavor  has  been  made  to  learn  the  facts  as  to  the  method  of 
treatment  followed  with  these  ties,  but  the  only  jierson  accessible  who 
had  personal  relations  with  the  work  in  1866  disclaims  all  recollection 
of  the  details  and  no  written  records  were  kept.  The  author  has  been 
told,  however,  that  these  ties  were  cut  in  December,  cross-piled  to 
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season  until  the  following  Octolier,  then  treated  and  allowed  to  dry 
before  they  were  placed  in  the  track.  If  this  is  true,  their  record  is 
probably  fully  accounted  for,  and  can  be  duplicated  if  the  same  condi- 
tions are  supplied. 

Councillor  Funk's  statement  that  the  results  of  impregnation  with 
creosote  and  with  chloride  of  zinc  were  about  equal,  is  evidently  in 
error.  In  the  "  Organ  of  the  Progress  of  Eailroads,"  series  1897,  pub- 
lished in  Wiesbaden,  there  is  a  table  in  which  the  average  duration  of 
various  ties  on  the  German  railroads  is  given  for  the  zinc  treatment 
and  also  with  tar  oil  (creosoted).     These  are: 

Oak  ties,  treated  with  zinc  chloride,  15  years;  with  tar  oil  24  years. 
Beech  "  "  9  "  "       30      " 

Pine  "  "  12  "  "       20      " 

Progbess  Since  1885. 
At  the  time  of  the  repoi't  to  the  Society,  three  jilants  treating  timber 
with  zinc  chloride  were  in  operation  in  the  United  States,  each  work- 
ing with  a  different  process;  the  difference  being  in  the  methods 
adopted  to  prevent  the  impairment  of  the  preservative  treatment  by 
the  washing  out  of  the  zinc  salt,  which  is  quite  soluble  in  water.  This 
solubility  of  the  chloride  is  the  only  objection  to  its  use,  but  the  exact 
value  of  this  point  is  not  determined  to  the  author's  satisfaction.  The 
evidence  already  adduced  relates  to  the  Burnettizing  process  proper, 
in  which  the  zinc  chloride  alone  is  injected,  with  no  attempt  at  any 
artificial  method  of  preventing  its  being  washed  out.  However, 
various  methods  have  been  devised  to  eliminate  any  objection  on  this 
score,  and  each  of  the  plants  in  operation  in  1885  was  working  on 
patented  ideas,  with  this  object  in  view. 

The  Thilmany  Peocess. 

The  Thilmany  process  consisted  of  the  injection,  of  sulphate  of  zinc 
or  copper,  followed  by  a  second  injection  of  chloride  of  barium,  when 
a  chemical  change  was  supposed  to  take  j^lace  in  the  wood  diicts,  the 
chloride  of  barium  being  changed  into  an  insoluble  salt,  sulphate  of 
baryta;  its  chlorine  forming  chloride  of  zinc  or  copper.  The  insoluble 
salt  was  to  prevent  the  soluble  one  from  being  washed  out.  Timber 
was  treated  in  this  way  at  plants  in  Defiance,  Ohio,  and  Milwaukee, 
Wis. ,  and  some  favorable  results  were  reported.     Ties  had  been  treated 
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for  the  Chicago  and  Alton  Railroad  in  1880,  and  for  the  Erie  Railroad 
in  1882.  The  Government  report  of  Forestry  (1884)  states  that 
200  000  soft  wood  ties  treated  by  this  process  had  been  jjut  into  the 
tracks  of  the  Lake  Shore  and  Michigan  Southern  Railroad.  Some 
were  also  treated  for  the  Wabash  Railroad. 

Correct  records  of  the  ties  on  none  of  these  roads  are  obtainable. 
Mr.  H.  C.  Draper,  Chief  Engineer  of  the  Chicago  and  Alton  Railroad, 
recollects  having  made  an  examination  of  the  results  on  his  road 
which  was  unfavorable  to  the  ties.  Those  treated  had  been  of  various 
soft  woods  growing  along  the  line,  and  the  experiments  were  not 
considered  successful.  No  definite  information  as  to  the  life  of  these 
ties  can  be  secured. 

On  the  Erie  and  the  Wabash  railroads  the  results  were  unsatisfac- 
tory, as  evidenced  by  letters  of  the  late  Charles  Latimer,  M.  Am.  Soc. 
C.  E.,  and  W.  S.  Lincoln,  M.  Am.  Soc.  C.  E.,  the  Chief  Engineers  of 
these  roads.  It  is  supposed  that  the  failures  were,  in  part,  due  to  the 
expected  chemical  action  not  taking  jjlace  when  the  substances  were 
confined  to  such  small  spaces  as  the  dxTcts  of  timber. 

The  Zinc- Gypsum  Pkocess. 

The  zinc-gypsum  process  consisted  of  one  injection  of  a  solution  of 
chloride  of  zinc  and  gypsum.  It  was  claimed  that  the  gypsum  crys- 
tallized in  the  ducts  of  the  wood,  thus  stopping  them  up  and  pre- 
venting the  zinc  from  being  washed  out.  As  the  process  was  then 
new,  no  evidence  was  submitted  in  the  report,  except  statements 
of  chemists  showing  the  apparent  impossibility  of  washing  the  zinc 
out  in  laboratory  tests.  A  plant  was  operated  at  St.  Louis  for  several 
years,  but  was  not  a  success  financially;  it  was  dismantled,  and  efforts 
to  secure  any  facts  as  to  the  value  of  the  work  done  have  been  unsuc- 
cessful. 

The  WELLHOfSE  ok  Zinc-Tajstnin  Process. 

The  Wellhouse  or  zinc-tannin  process  consisted  of  the  injection  of 
a  solution  of  zinc  chloride  containing  a  small  amount  of  glue,  followed 
by  another  injection  of  a  solution  of  tannin,  the  effect  of  the  tannin, 
it  was  claimed,  being  to  form  with  the  glue  small  particles  of  artifi- 
cial leather,  insoluble  in  water,  which  would  plug  up  the  ducts  and 
retain  the  zinc  chloride.  A  plant  was  in  operation  in  St.  Louis  under 
the  management  of  the  late  Joseph  P.   Card,  Assoc.  Am.   Soc.  C.  E. 
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TABLE  No.  1. — Examination  of  Ties  on  the  Atchison,  Topeka  and 
Santa  Fe  Eailkoad. 


At  Topeka. 

July  2d,  1891. 

Kind  of  wood. 

No.  of 
ties. 

Date  laid. 

No.  now 
in  track. 

Destro 
4.3 
10 
29 

Percent- 
age. 

Years 

in 
track. 

Colorado  pine 

49 

87 
51 

48 

July  7th,  1881 

yed    by 
49.4 
19.6 
60.4 

wreck 

8  9 

Red  oak 

August  18th,  1882 

8  8 

At  La  Junta. 

July  6th,  1891. 

May  11th,  1893. 

March  14th,  1897. 

Kind  of  wood. 

o  2 
Iz; 

Date  laid. 

f 

is 

^ 

u 

1.1 

¥ 

r 

Black  oak.... 
White  cotton- 
wood 

Cottonwood. . 
Colorado  pine 

49 

49 

50 
50 

May,  1882. . 

July,  1881 :; 

49 

47 
50 

100 

96 
93 
100 

9.1 

9.1 
9.1 
10.0 

47 

11 

23 
20 

96 

23.4 

44 

40 

11 

11 
11 

11.8 

44 

8 

17 

None. 

90 

16 
34 

14.8 

14.8 
14.8 

The  first  timber  was  treated  in  1879.  In  the  following  years  paving 
blocks,  experimental  lots  of  ties  for  various  railroads  and  miscella- 
neous timber  were  treated.  The  ties  were  laid  in  the  vicinity  of  St. 
Louis  and  on  the  Atchison,  Topeka  and  Santa  Fe  Eailroad.  Eegarding 
this  work  O.  Chanute,  M.  Am.  Soc.  C.  E.,  says: 

"  In  1885  I  went  to  St.  Louis  upon  the  occasion  of  the  repairing  of 
the  St.  Louis  Bridge.  This  had  been  laid  in  1879  with  gum-wood 
blocks  prepared  by  the  Wellhouse  j^rocess.  These  blocks,  originally  5 
inches  thick,  had  worn  down  so  thin  as  to  give  trouble,  but  they 
were  sound  after  6  yeai's'  exposure.  Less  than  a  dozen  were  found 
decayed  in  the  whole  length  of  the  bridge.  The  Burnettized  pine 
stringers  were  also  sound,  and  the  local  railroads  reported  ties  treated 
by  the  Wellhouse  process  to  be  a  success,  except  one  lot  laid  in  mine 
screenings  and  'bone'  at  East  St.  Louis." 

Of  the  experimental  ties  put  into  the  tracks  of  the  Atchison, 
Topeka  and  Santa  Fe  Railroad  in  1881  and  1882,  examinations  were 
made  by  Mr.  Chanute  in  July,  1891;  of  those  at  La  Junta,  Colo.,  and 
Topeka,  Kans.,  and  in  May,  1893,  and  March,  1897,  at  La  Junta. 
James  Dun,  M.  Am.  Soc.  C.  E.,  kindly  had  examinations  made  in  both 
places  in  December,  1898.  He  found  some  of  the  treated  ties  still  in 
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the  track,  but  tlie  tin  tags  identifying  each  tie  had  entirely  disap- 
peared, or  had  become  so  badly  scarred  that  no  connt  of  any  value 
could  be  made.  The  records  of  the  previous  examinations  are  given 
in  Table  No.  1. 


Atchison,  Topeka  and  Santa  Fe  Eailkoad  Works. 

The  first  road  to  adoj^t  the  use  of  the  treated  ties,  other  than  as  an 
experiment,  was  the  Atchison,  Topeka  and  Santa  Fe  Eailroad,  of 
which  A.  A.  Eobinson,  M.  Am.  Soc.  C.  E.,  was  then  Chief  Engineer. 
This  road,  in  1885,  had  a  plant  built,  under  Mr.  J.  P.  Card's  direction, 
at  Las  Vegas,  N.  Mex.,  consisting  of  two  retorts  6  ft.  in  diameter 
and  106  ft.  long,  which  operated  on  mountain  pine.  The  Wellhouse 
or  zinc-tannin  jjrocess  was  used  except  from  1889  to  1893,  when  the 
Burnettizing  (proper)  method  was  followed.  The  number  of  ties 
treated  was  as  follows: 


1885 111503 

1886 333  298 

1887 189  386 

1888 285  104 

1889 169  174 

1890 105  753 

1891 128  568 

Total 


1892 187  270 

1893 178  167 

1894 247  566 

1895 256  887 

1896 336  070 

1897 380  523 

2  909  269 


These  ties  have  been  used  from  Dodge  City,  Kans. ,  to  El  Paso, 
Tex. ,  and  Silver  City,  N.  Mex. ;  and  a  few  in  Eastern  Kansas  and 
Oklahoma  Territory.  The  majority,  however,  have  been  used  in  New 
Mexico.  The  life  of  the  untreated  mountain  pine  is  given  as  not  to 
exceed  4  years.  Complete  records  of  the  treated  ties  are  unobtain- 
able, but  through  the  kindness  of  Mr.  James  Dun,  Chief  Engineer; 
Mr.  H.  U.  Mudge,  General  Superintendent,  and  Mr.  George  W. 
Noyes,  Manager  of  the  Las  Vegas  works,  the  following  facts  have  been 
secured : 

"  The  New  Mexico  Division  was  built  in  1880,  with  native  untreated 
ties.  We  commenced  renewals  in  1885,  with  native  pine  treated  ties, 
and  since  that  time  no  other  class  of  ties  has  been  used.  The  un- 
treated ties  were,  of  course,  all  removed  prior  to  1893,  so  that  ties 
taken  out  since  that  time  are  evidently  all  treated  ties. 
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' '  We  have  assumed  that  after  100^  of  the  original  ties  have  been  re- 
moved, all  ties  taken  out  were  then  treated  ties.  For  the  5  years,  1893 
to  1897,  inclusive,  we  inserted  on  the  New  Mexico  Division,  on  380  miles, 
414  189  treated  ties,  an  average  of  about  217  ties  per  mile  per  year. 
The  renewals  for  this  period  were  about  normal,  the  ties  in  this  track 
being  in  very  good  condition ;  therefore,  the  average  life  of  these  ties 
can  be  j^ut  down  as  11  or  12  years. 

"  As  to  peculiarities  in  the  length  of  life  of  ties  due  to  the  character 
of  the  soil,  I  have  to  say  that  in  New  Mexico,  ties  last  much  longer  in 
rock  ballast  than  in  soil,  and  decay  very  much  faster  in  sandy  soil  than 
in  clay.  There  are  still  (July,  1898)  a  great  many  treated  ties  in  track 
branded  1885.  You  will  also  understand  that  a  good  many  of  the  ties 
removed  are  taken  from  sharp  curves  and  were  removed  on  account  of 
being  sjiike  killed. 

"  On  the  New  Mexico  Division  we  are  using  treated  native  pine  ties. 
On  other  divisions  we  have  been  using  cedar  and  oak ;  usually  oak  in 
main  lines  only.  The  life  of  oak  ties  in  heavy  main  line  service  is  about 
6  years;  of  cedar  ties  in  light  branch  service,  about  10  years. 

"Eelative  to  the  Burnettized  ties  laid  in  1889  to  1893,  we  have  as 
yet  been  unable  to  demonstrate  whether  the  life  of  these  ties  is  less 
than  that  of  the  Wellhouse  process,  as  ties  laid  in  1889  have  not  yet 
shown  signs  of  deterioration." 

Beginning  in  1897,  the  records  of  the  ties  on  the  New  Mexico 
Division  have  been  more  carefully  kept,  and  for  future  years  they  will 
show  the  number  of  removals  and  the  causes.  Mr.  J.  E.  Hurley,  Di- 
vision Superintendent,  has  furnished  a  statement  (Table  No.  2)  cover- 
ing the  years  1897  and  1898. 

TABLE  No.  2. — Treated  Ties  Removed  on  the  New  Mexico  Division 
OF  THE  Atchison,  Topeka  and  Santa  Fe  Raileoad  in  the  Last  9 
Months  of  1897  and  in  1898. 


Years 

3F  Treatment. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

13  114 

14  580 

37  694 

17  5t0 
17  230 

34  770 

15  527 
24  662 

10  327 
18  424 

2  459 
5  575 

8  034 

2  552 

3  649 

6  201 

566 

1  917 

2  483 

560 

5  444 

6  004 

55 
1  900 

1  955 

104 

274 

378 

17 
118 

135 

10 

40  189 

»,5> 

^1 

h6 


lOJyrs. 
10*   " 


"I  am  not  able  to  give  you  the  exact  number  removed  from  dif- 
ferent causes,  but  would  say  that  1%  of  the  total  will  cover  all  ties 
removed  on  account  of  being  broken  by  wrecks  and  causes  of  a  like 
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natui'e,  the  balance  being  removed  on  account  of  being  rotten,  worn 
out,"  etc. 

The  average  life  of  the  ties  removed  does  not  quite  equal  that 
estimated  for  them  by  Mr.  Mudge,  but  it  does  not  follow  that  his 
•estimate  is  in  error;  although  his  premises  apparently  are.  With  the 
renewal  of  62  831  treated  ties  in  9  months  of  1897,  and  of  93  822  in 
1898  it  is  improbable  that  the  414  189  ties  renewed  in  the  5  years, 
1893  to  1897  inclusive,  could  all  have  been  treated  ties.  It  will  be 
noted  that  the  average  life  of  the  ties  removed  in  1898  was  longer  than 
that  of  those  removed  during  1897;  and  it  is  understood  that  the  1885 
ties  are  not  yet  all  removed.  It  is  natural  to  expect  that  the  life  of 
the  ties  removed  each  year  will  continue  to  increase  for  some  years  to 
come,  certainly  until  all  the  1885  ties  are  removed.  As  the  best  re- 
sults can  hardly  be  expected  from  the  treatment  of  the  first  year,  it 
is  very  probable  that  12  years'  life  will  be  reached  by  these  ties. 

In  the  Las  Vegas  works,  ties  are  steamed  from  2  to  6  hours,  de- 
pending upon  their  condition  when  received,  green  timber  requiring 
longer  time.  They  are  in  a  vacuum  for  ^  to  1  hour,  and  under 
pressure  for  2|  to  3  hours.  Prior  to  1890  the  chloride  was  i^repared 
at  the  works,  but  since  then  it  has  been  purchased,  in  a  fused  con- 
dition. The  purity  has  varied  from  95  to  97  per  cent.  "  The  amount 
of  zinc  chloride  injected  varies  in  different  years,  varying  from  0.28 
to  0.47  lbs.  of  chloride  jjer  cubic  foot  of  timber  treated,  which  in- 
cludes sawn  lumber  of  all  kinds  and  piling."  Seasoned  timber  is 
preferred;  and  after  treatment  ties  are  at  once  shipped  to  their 
destination.  They  are  then  supj^osed  to  be  unloaded,  piled  up  in 
lots  of  ten,  in  triangular  piles,  so  arranged  that  only  one  end  of  any 
tie  is  on  the  ground;  and  allowed  to  season  for  about  30  days.  In 
point  of  fact,  they  are  generally  put  into  the  ground  immediately, 
full  of  water ;  on  account  of  the  diflficulty  in  providing  for  the  de- 
mands of  the  road  with  the  present  facilities.  In  Mr.  Noyes'  opinion, 
to  secure  the  best  results,  ties  should  be  seasoned  for  6  months  before 
treatment  and  for  the  same  time  thereafter. 

In  1896  this  plant  was  enlarged  by  the  addition  of  a  third  retort. 
In  1897  a  large  plant,  consisting  of  four  retorts,  was  constructed  by 
private  parties,  at  Somerville,  Tex.,  where  it  is  expected  to  treat 
large  quantities  of  ties  for  the  Santa  Fe  system;  and  this  railroad  has 
just  completed  another  plant  at  Bellemont,  Ariz,,  consisting  of  two 
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retorts,  where  ties  will  be  treated  for  that  part  of  the  system.  The 
officials  of  the  road  express  themselves  as  satisfied  with  the  value  of 
the  treatment,  but  are  discussing  the  relative  values  of  the  zinc- 
tannin  and  the  plain  zinc-chloride  methods.  The  additional  cost  to 
inject  the  glue  and  tannin  amounts  to  several  cents  jser  tie;  and  they 
are  in  doubt  from  their  own  experience  whether  the  increased  cost 
results  in  an  increased  life,  and,  if  so,  to  what  extent. 

;  Union  Pacific  EArLKOAD  Woeks. 

The  Union  Pacific  Railroad  had  some  experience  with  wood  pre- 
servation in  1867  and  1868  when  works  were  erected  at  Omaha  and 
operated  on  Cottonwood  ties  for  1  year,  when  they  were  discontinued 
as  it  was  impracticable  with  the  plant  at  hand  to  prepare  more  than 
one-tenth  of  the  ties  required. 

In  1886  new  works,  consisting  of  two  retorts,  were  erected  at 
Laramie,  Wyo.,  imder  Mr.  Chanute's  direction.  They  were  operated 
for  2  years  by  the  railroad,  and  242  000  ties  were  treated,  when  worTs 
was  suspended  for  reasons  of  temporary  economy.  It  was  also 
reported  to  have  been  because  the  United  States  Government  stoj)ped 
the  cutting  of  ties  on  its  lands,  and  because  of  prejixdice  on  the  part 
of  some  one  in  authority.  Whatever  the  reason,  the  works  were  shut 
up,  were  partially  burned  in  1889,  and  were  then  dismantled . 

While  oioerated,  the  Wellhouse  process  was  used.  According  to 
the  detailed  record  of  the  ojaeration  of  this  plant  from  July  26th  to 
August  21st,  1886,  the  strength  of  the  solution  of  chloride  corre- 
sponded to  1.90  on  the  Beaume  scale,  representing  IA'6%  of  chloride 
in  the  solution,  and  the  absorption  of  chloride  was  0.65%"  of  the  weight 
of  the  tie,  or  0.78  lb.  per  tie,  the  timber  (mountain  pine)  weighing 
29.51  lbs.  per  cubic  foot. 

Mr.  Wm.  Ashton,  Division  Engineer  of  the  road,  in  a  letter  to  Mr. 
Chanute,  dated  January  31st,  1898,  speaking  of  the  preserved  ties,, 
says  : 

"  This  work  was  done  prior  to  my  assignment  to  this  portion  of 
the  line,  consequently  I  have  not  had  the  opportunity  to  watch  the 
service  given  by  these  ties  fully  as  I  would  have  liked.  For  the  past 
3  or  4  years  I  have  been  observing  what  remained  of  them  and  have 
talked  frequently  with  our  roadmasters,  one  of  whom  I  understand 
has  been  on  the  isortion  of  the  line  on  which  these  ties  were  laid  since 
they  were  placed  in  the  track.  From  what  I  know  and  have  been  able 
to  gather  concerning  these  ties  would  state  as  follows: 
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"  Ties  treated  were  native  pine  and  spruce,  Oregon  fir,  elm,  asb, 
maple  and  oak,  by  far  the  larger  number  being  of  native  pine  and 
spruce. 

"  The  native  pine  and  spruce  ties  began  to  fail  in  1893;  those  re- 
moved during  this  year  seemed  to  be  mostly  '  top-cut '  ties.  In  1894 
most  of  the  top-cut  and  middle-cut  ties  were  taken  out,  while  in  1895 
and  1896  jjractically  all  the  j)ine  and  spruce  ties  in  the  main  track 
were  removed.  These  ties  were  not  cut  by  the  base  of  the  rail  as 
badly  as  untreated  ties  of  the  same  timber,  and  their  failure  could 
seldom  be  attributed  to  this  cause.  It  was  observed  that  the  heart 
and  bottom  of  these  ties  failed  first,  leaving  a  hard  shell-like  top. 
There  are  still  a  number  of  these  ties  in  sidings. 

"  The  Oregon  fir  ties  were  usually  small,  7x8  ins.,  and  were  found 
to  split  badly  in  spiking.  They  failed  a  year  or  two  sooner  than  the 
native  jiine  and  spruce  ties. 

"  The  elm,  ash  and  maple  ties  have  all  been  taken  out  during  the 
past  4  years.  The  service  of  these  ties  would  have  seemed  to  be  about 
the  same  as  those  of  native  pine  and  spruce. 

"  A  few  of  the  oak  ties  are  still  in  the  main  track.  We  find  they 
are  getting  very  brittle  and  are  breaking  badly.  They  will  probably 
all  be  taken  out  during  the  years  1898  and  1899." 

The  above  report  indicates  an  average  life,  for  the  mountain  pines 
and  spruces  in  the  main  track,  of  about  9  years.  In  January,  1896, 
Mr.  Ashton  read  a  paper  before  the  Denver  Society  of  Civil  Engineers, 
on  the  "  Average  Life  of  Cross-Ties  on  Steam  Kailroads  in  Colorado."* 

In  this  paper  he  says  : 

"  Under  ordinary  circumstances  my  experience  on  the  lines  in 
Colorado  has  been  that  ties  of  Colorado  pine,  balsam  and  white  spruce 
will  last  in  track  '61  to  4  years  under  ordinarily  heavy  traffic.  Under 
light  traffic  on  a  well-tied  track,  they  will  jjrobably  average  4  years. 
On  our  main  line  we  usually  take  out  about  half  of  these  ties  after  3 
years'  service,  and  the  balance  the  fourth  year. " 

This  would  indicate  the  result  of  treatment  on  these  ties  to  be  an 
unqualified  success,  although  the  life  attained  is  materially  shorter 
than  that  reported  for  the  Atchison,  Tojjeka  and  Santa  Fe  Railroad, 
with  practically  the  same  material,  but  perhaps  a  drier  exposure. 

At  the  author's  request,  Mr.  Berry,  the  present  Chief  Engineer,  had 
an  analysis  made  of  the  chloride  of  zinc  remaining  in  one  of  the  moun- 
tain pine  ties  taken  out  of  the  track  in  1898,  after  11  or  12  years'  ser- 
vice. The  analysis  showed  0.146%"  by  weight  of  the  chloride,  the 
amount  being  the  same  in  samples  from  the  center  and  from  near 
*  Journal  of  the  Association  of  Engineering  Societies,  Sept.,  1897. 
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the  outside  of  the  tie.  In  the  report  of  Mr.  W.  L.  Robinson,  chemist 
of  the  road,  he  says:  "The  ties,  when  first  taken  from  the  works, 
seldom  carried  over  0.25%'  of  metallic  zinc  "  (or  0.52%*  of  zinc 
chloride).  "  The  ties  (analyzed)  are  in  a  very  good  state  of  pre- 
servation." 

WoEKS  AT  Chicago,  III. 

This  plant  is  the  successor  of  the  St.  Louis  plant,  in  which  the 
Wellhouse  process  was  originally  worked  by  Mr.  J.  P.  Card,  and  was 
built  in  1886  by  Mr.  Card  and  Mr.  Chanute,  operating  under  the  name 
of  The  Chicago  Tie  Preserving  Company.  It  consisted  first  of  two 
retorts,  to  which  a  third  was  added  in  1891  and  a  fourth  in  1894,  and 
has  treated,  up  to  December  31st,  1898,  4  007  946  ties  for  the  Chicago, 
Rock  Island  and  Pacific  Railroad,  besides  small  lots  for  other  parties. 
The  usual  methods  of  the  Wellhouse  process  were  followed  until 
1896,  when  a  modification  was  introduced,  consisting  of  the  omission 
of  the  glue  from  the  zinc-chloride  solution  and  the  subsequent  injec- 
tion of  the  ghie  separately,  followed  by  a  third  injection  of  the  tannin. 

This  change  was  based  upon  experiments,  and  the  idea  that  the 
admixture  of  glue  with  the  chloride  solution  lessened  its  fluidity  and 
consequently  increased  the  difficulty  of  securing  the  injection  of  the 
desired  amount  of  the  chloride.  It  might  also  be  argued  that  the 
province  of  the  glue  being  with  the  tannin  simply  to  plug  up  the  ducts 
to  prevent  the  washing  out  of  the  zinc,  the  only  proper  place  for  it  is 
at  the  ends  of  the  ducts  and  medullary  rays;  and  that  it  is  unwise  to 
introduce  into  the  body  of  a  tie  perishable  organic  material,  like  glue, 
to  increase  the  duty  of  the  chloride,  and  where  it  is  practically  im- 
possible to  force  the  tannin  to  it,  by  a  subsequent  injection.  This 
modification,  by  necessitating  three  injections  in  place  of  two,  some- 
what increases  the  expense  of  the  treatment,  and  while  it  is  undoubtedly 
an  improvement,  the  period  of  its  use  has  been  too  short  to  demonstrate 
it,  in  increased  life.  The  best  evidence  of  its  value  is  in  the  increased 
absorption  of  chloride  obtainable. 

The  ties  treated  for  the  Rock  Island  road  have  been  entirely  hem- 
lock and  tamarack.  The  number  by  years  is  given  in  Table  No.  4. 
The  number  of  tamaracks  being  relatively  small,  no  distinction  be- 
tween them  is  made  in  the  following,  except  where  the  tamaracks  are 
specifically  referred  to. 
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It  is  extremely  unfortunate  that  the  records  of  service  of  these  ties 
are  incomplete  and  of  doubtful  value.  It  is  stated  that  practically 
none  of  the  ties  was  removed  from  the  track  until  1892.  At  the  time 
they  began  to  come  out,  instructions  were  issued  by  the  management 
of  the  road,  that  all  treated  ties  removed  should  be  piled  up  and  not 
destroyed  until  inspected  by  a  representative  of  the  Tie  Preserving 
Company.  This  was  done  in  1892  and  1893,  except  for  those  re- 
moved from  a  lot  of  39  604  shipped  west  of  the  Missouri  Eiver  in  1886  ; 
the  removals  in  1892  being  2  319  or  2.1%'  of  the  ties  laid  6  years  before 
east  of  the  Missouri  Eiver  ;  removals  in  1893,  14  282,  or  3.8%  of  those 
laid  6  and  7  years  before,  in  1886  and  1887,  or  13%  of  those  laid 
in  1886.  The  removals  for  these  2  years,  16  601  ties,  represent  15.3%" 
of  those  laid  in  1886  east  of  the  Missouri  River,  so  that  at  this  time 
there  were  still  in  service  84.7%  of  the  ties  laid  7  years  before. 

In  the  years  subsequent  to  1893,  the  ties  removed  were  not 
inspected  and  counted  by  an  agent  of  the  Chicago  Tie  Preserving 
Company,  but  were  reported  by  the  section  foremen  to  the  road- 
masters,  and  by  the  latter  to  the  Superintendent  of  Maintenance  of 
Way,  who  compiled  a  general  statement.  The  removals,  as  given  for 
the  tracks  east  of  the  Missouri  River  for  the  years  1894  to  1897,  are 
shown  in  Table  No.  4.  From  these  statements  of  the  annual  removals 
it  was  computed  by  the  Tie  Preserving  Company  that  the  average  life 
of  the  treated  ties  was  lOJ  years,  an  increasing  percentage  coming  out 
each  year,  up  to  the  twelfth,  when  all  were  supposed  to  have  been 
removed. 

Within  the  past  year  doubt  has  been  thrown  by  some  of  the  railroad 
officials,  upon  the  accuracy  of  these  yearly  returns,  and  it  has  been 
claimed  that  the  ties  were  averaging  less  than  7  years.  Unfortunately, 
the  ties  were  not  marked  in  any  way  to  indicate  the  year  treated,  until 
quite  recently,  and  there  had  been  very  considerable  changes  in  the 
divisions  of  the  road,  in  the  sections  and  in  the  methods  of  managing 
the  track  system.  The  records  have  become  inextricably  mixed,  so 
that  it  is  impossible  to  determine  when  and  where  the  earlier  treated 
ties  were  laid.  This  reduced  the  question  of  the  average  life  to  a 
matter  of  recollection  and  of)inion,  and  while  opinion  had  been  favor- 
able up  to  1894,  it  now  swung  the  other  way.  Finally,  in  July,  1898, 
Mr.  H.  A.  Parker,  Second  Vice-President  and  Chief  Engineer,  ordered 
a  count  by  sections  to  be  made  on  August  1st,  to  determine  how  many 
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ties  of  each  kind  (oak,  cedar  and  treated  hemlock)  were  then  in  the 
tracks  of  the  road,  each  section  foreman  counting  the  ties  on  his  own 
section. 

The  result  of  this  count  is  shown  in  Table  No.  3. 

TABLE  No.  3. — Ties  in  Tkacks  of  Chicago,  Eock  Island  and  Pacific 
Ratleoad,  August  1st,  1898. 


Kind  of  tie.                 !    ™« 

Cedar. 

Treated       t«„„ 
hemlock.      Pi^*'- 

Treated 
pine. 

Totals. 

In  main  track 4  541  335 

"  side        "                   .            '      484  626 

3  308  675 
877  143 

2  545  240 
345  948 

29  249 
4  586 

93  940 
10  010 

10  518  339 
1  722  313 

Totals                       .               .      5  025  861 

4  185  818 

2  891  188 

33  835 

103  950 

12  240  652 

Percentage  in  sidings 9.7 

21 

12 

13.5 

9.7 

14.1 

The  totals  in  Table  No.  3  represent  averages  of  2  430  ties  per  mile 
in  sidings,  3  050  ties  per  mile  in  main  track  and  2  950  ties  i^er  mile  in 
all  tracks.  Mr.  Parker  is  satisfied  that  this  total  number  of  all  ties  is 
substantially  correct.  The  treated  pine  ties  shown  in  the  table  were 
treated  at  works  in  Texas. 

It  remains  to  deduce  from  these  figures  the  probable  life  of 
the  treated  ties.  Up  to  the  same  date  (August  Ist, 
1898)  there  had  been  treated,   hemlock  and  tamarack 

ties  to  the  number  of 3  860  295 

Less,  shipped  to  the  Rock  Island  and  Peoria  Railroad  and 

not  in  above  count ....  72  194 

Total  to  account  for 3  788  101 

"      counted  in  track 2  891  188 

Balance  presumably  renewed  896  913 

The  treated  ties  were  at  that  time  being  shij^ped  west  of  the 
Missouri  River,  a  distance  of  from  500  to  1  000  miles, 
and  many  were  in  transit,  there  having  been  shipped 
from  the  treating  works  during  the  last  ten  days  of 
July,  29  209  ties  ;  and  there  were  also,  certainly,  some 
distributed  but  not  in  track.  Assuming  as  fair  to  de- 
duct for  these  two  items 50  000 

s  the  probable  renewals   846  913 
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This  absorbs  all  the  ties  treated  up  to  9  years  previous,  or  to  the 
close  of  the  treating  season  of  1889,  amounting  to  825  796,  of  which 
21  623  had  been  shipped  to  the  Eock  Island  and  Peoria  Eailroad,  so 
that  the  tracks  under  discussion  received  804  173. 

Leaving,  presumably,  to  come  from  the  ties  treated  in  the  follow- 
ing year,  1890,  42  740. 

This  number  is  17^  of  the  ties  treated  in  1890  and  is  to  be 
deducted  from  the  9  years,  leaving  8.83  years  as  the  probable  average 
life  of  these  treated  ties,  provided  there  was  no  material  error  in  the 
general  count  made  in  August. 

The  author  does  not  consider  this  count  conclusive  as  to  the  life 
of  the  treated  ties  on  this  road.  The  time  thus  determined  is  shorter 
than  indicated  by  the  removals  during  1892  and  1893,  in  the  latter 
year  there  being  still  in  the  track  85%  of  the  ties  laid  7  years  before  ; 
and  as  indicated  by  ties  laid  on  four  sections  of  the  same  road  west  of 
the  Missouri  River  ;  as  well  as  by  those  tested  on  the  Pennsylvania 
Eailroad  and  the  Duluth  and  Iron  Range  Railroad,  as  described  later. 
It  is  extremely  difficult  to  distinguish  the  treated  hemlock  and  tama- 
rack from  cedar,  by  surface  inspection  in  the  track,  if  indeed  it  is  pos- 
sible to  do  so  in  many  cases  without  cutting  the  tie,  and  it  seems  quite 
possible  that  many  treated  ties  may  have  been  rejiorted  as  cedar  ;  but, 
in  the  author's  opinion,  based  on  personal  experience  with  the  ties,  the 
mistaking  of  cedars  for  hemlocks  and  tamaracks  would  not  be  as  likely 
to  occur.  The  only  reason  given  for  doubting  the  annual  reports 
was  that  they  were  based  on  the  reports  of  the  section  foremen,  and 
had  been  made  in  the  regular  course  of  work,  without  any  especial 
effort  to  secure  accuracy.  Since  the  August  count,  however,  orders 
have  been  issued  to  keep  these  records  accurately,  and  this  paper  has 
been  held  open  until  the  reports  of  the  renewals  for  the  year  1898  be- 
came accessible,  in  order  that  the  probable  value  of  the  previous 
year's  reports  could  be  gauged  by  this  one.  Table  No.  4  gives  this  as 
well  as  all  other  data  that  can  be  secured.  It  will  be  noted  that  the 
total  renewals  on  the  lines  east  of  the  Missouri  River  are  481  947. 
The  total  number  of  treated  ties  put  into  the  same  tracks  for  the 
years  1886,  1887  and  half  of  1888  is  461  765;  so  that,  if  the  annual 
reports  of  ties  removed  are  correct,  all  ties  put  in  since  about 
the  middle  of  1888  are  still  represented  in  service,  and  the  average  life 
of  over  10  years,  as  figured  by  the  Chicago  Tie  Preserving  Company, 
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is  correct.  Since  the  above  was  written  it  has  been  discovered  that 
the  treated  tamaracks  in  the  tracks  west  of  the  river  have  been  con- 
founded with  the  treated  pines  and  reported  as  such — to  what  extent 
is  imknown.  While  the  number  so  omitted  from  the  count  of  the 
"hemlocks  "  cannot  be  very  large,  it  may  be  50  000,  and  the  life  of  the 
treated  ties  would  be  correspondingly  increased. 

All  these  figures,  based  on  removals  without  any  knowledge  of  the 
year  of  treatment  of  the  particular  ties  removed,  are  extremely  un- 
satisfactory and  unscientific;  but  they  are  the  best  obtainable  and  are 
so  i^resented. 

Table  No.  4. — Teeated  Tie  Eecoed,  Chicago,  Kock  Island  and 
Pacific  Eaileoad. 


Shipped  west 

of  Missouri 

River. 


Shipped  to 
R.  I.  &P.R.R. 


Remainder 
charged  to 
tracli  east 
of  Missouri 
River. 


Removals 
from  tracks 
east  of  Mis- 
souri River. 


148  816 
365  377 
201  272 
210  331 
353  245 
a39  423 
325  736 
405  267 
430  362 
868  630 
297  352 
425  459 
336  776 


4  703 

5  812 
27  271 


15123 
lOOOOOC?) 
110  048 
235  669 
213  613 
324  876 
283  612 


101  164 
262  317 
196  569 
204  519 
225  974 
315142 
310  613 
305  267 
320  314 
142  961 

83  639 
100  583 

53164 


3  319 

33  344 

63  245 
71695 
137  708 
160  354 


In  1886  a  large  number  of  treated  hemlocks  and  untreated  white 
oaks  was  laid  in  the  tracks  on  Sections  1,  2,  5  and  9,  west  of  the 
Missouri  Eiver.  The  renewals  on  these  were  reported  in  the  years 
1891,  1892  and  1893. 

Inquiries  in  1898  showed  that  no  later  separate  accounts  had  been 
iept,  but  the  Roadmaster,  Mr.  J.  D.  Sullivan,  in  September  of  that 
year,  had  a  careful  count  made  to  determine  the  number  then  in  the 
track.  These  various  figures  are  given  in  Table  No.  5.  It  will  be 
noted  that  on  Sections  1  and  2,  28.9%,  and  on  Sections  5  and  9,  58.8%, 
of  the  treated  hemlocks  were  still  in  service  after  12  years.  Mr. 
Sullivan  adds  "  the  ties  still  in  the  track  are  in  fair  state  of  preserva- 
tion, and  the  best  will  last  4  years  more. "  The  record  of  the  oaks  is 
also  given  in  Table  No.  5. 
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TABLE  No.  5. 


2| 
i2 


Renewed 
IN  1892. 

Renewed 
IN  1893. 

i 

Id 

No. 

Percent- 
age. 

No.  IN  Track 
Sept.,  1898. 


Percentage 
removed. 


Treated  Hemlock. 


1..., 
2.... 
5.... 
9.... 


8  000 

0 

0 

0 

0 

200 

2.5 

1  488 

18.6 

8  00!) 

0 

0 

0 

0 

425 

5.3 

3  137 

39.2 

3  050 

0 

0 

0 

0 

67 

2.2 

1  963 

64,4 

2  800 

0 

0 

0 

0 

0 

0 

1  477 

52.7 

21  850 

0 

0 

0 

0 

692 

3.2 

8  065 

36.9 

81.4; 
60.8  (■ 
35.6/ 
47.2  S 


Average, 


1.... 

2.... 
5.... 
9.... 

10  000 
10  000 
15  000 
15  200 

0 
418 
150 

0 

4.2 

1.0 

1.8 

487 
658 
576 
685 

Natural  \ 
4.9  !    800 
6.6  11  120 
3.8  1     805 
4.5  ,1  335 
I 

Vhite 
8.0 
11.2 
5.4 

8.8 

Oak. 

3  184 

1  983 

2  7.32 

4  979 

31.8 
19.8 
18.2 
32.7 

68.2  1 

80.2  f 
81.8  1 

67.3  f 

Average,  74.1 
Average,  74.5 

50  200 

850 

1.7 

2  406 

4.8  '4  060 

i 

8.1 

12  878 

25.6 

74.4 

Mr.  Sullivan  states  that  in  2  years  practically  all  the  oaks  will  have 
been  removed. 

On  Sections  1  and  2,  11%  of  the  hemlocks  and  74%"  of  the  oaks  had 
been  removed  after  12  years  and  on  Sections  5  and  9,  ^1%  of  the  hem- 
locks and  74%  of  the  oaks.  As  to  the  variation  in  the  life  of  the  hem- 
lock on  the  different  sections,  Mr.  Sullivan  says: 

"  The  cause  is  the  difference  in  dirt  and  ballast,  Sections  1  and  2 
being  close  to  the  Missouri  River,  and  dirt,  largely  silt  and  sand,  with 
3  miles  of  rock  ballast  in  the  former.  Sections  5  and  9  are  24  and  48 
miles  Avest  of  the  river,  and  the  ground  is  largely  black  firm  prairie 
loam.  All  kinds  of  woods,  except  cedar,  are  short-lived  in  river  bottom 
and  bluffs." 

If  the  hemlocks  now  in  the  tracks  last  4  yeai's  longer,  for  the  best, 
as  Mr.  Sullivan  states,  it  is  fair  to  put  the  average  remaining  life  of 
all  the  ties  now  in  at  2  years.  On  this  basis  the  average  life  of  all  the 
treated  ties  would  figure  for 

Section  1 10.27  years. 

2 11.13       " 

5 12.34       " 

9 11.62       " 

or  for  all  four  sections   11  years.      These  averages  are  derived  thus, 
taking  that  for  the  four  sections  as  an  example: 
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Eenewed  in  1893,  after  7  years' service    3.16     X  7    =      22.12 
1894,  1895,  1896,  1897  and 

1898  (average  9f  years) .  59.94    x  9^  =    569.43 
Remaining  in  track  no"w,  good  for  2 

vears  more 36.9     x  14    =    516.60 


100.00  x  11.08  =  1108.15 
Average,     11.08  years. 


The  life  of  the  treated  ties  on  this  road  has  undoubtedly  been  less 
than  is  readily  obtainable  by  a  more  rational  practice  than  was  the 
custom  prior  to  1895.  Until  then  the  Tie  Preserving  Company  treated 
all  ties  sent  to  it,  regardless  of  their  condition  as  to  moisture  or 
soundness.  Since  1895  this  has  been  changed,  and  the  ties  are  re- 
inspected,  when  received  at  the  works,  by  the  Preserving  Company's 
men,  and  if  not  sound  are  condemned  and  turned  back  to  the  tie  con- 
tractor; and  if  the  ties  are  too  wet  for  treatment,  they  are  piled  up 
until  sufficiently  dry  to  take  the  proper  amount  of  chloride. 

In  1890  the  Chicago  Tie  Preserving  Company  treated  some  experi- 
mental ties  for  the  Duluth  and  Iron  Range  Railroad.  These  consisted 
of  85  white  pines,  85  tamaracks,  and  86  Norway  pines.  They  were  cut 
during  the  winter  of  1889-90,  treated  in  October,  1890,  and  placed  in 
track  very  soon  after,  together  with  10  Norway  pine,  10  white  pine 
and  10  tamarack  untreated  ties,  which  were  cut  at  the  same  time  and 
oflf  the  same  land  as  those  subjected  to  treatment. 

"  The  roadbed  in  which  these  ties  were  laid  is  in  glacial  drift  and 
is  what  you  might  call  gravelly  hard-pan,  carrying  some  lime,  and  the 
drainage  is  good;  the  ballast  is  a  fairly  clean  and  reasonably  coarse 
gravel. " 

Mr.  J.  L.  Greatsinger,  Pi'esident  and  General  Manager,  had  an  ex- 
amination of  these  ties  made  in  February,  1898,  and  wrote  Mr.  Chanute 
as  follows: 

"In  the  winter  of  1895  and  1896,  we  were  obliged  to  tear  up  the 
track  with  dynamite  where  these  ties  were  originally  laid.  In  doing 
so,  very  few  of  them  were  broken,  but  nearly  all  of  them  went  through 
the  ordeal  remarkably  well  and  were  relaid  in  double  track  in  the 
sirring  of  1896,  as  the  grade  at  this  point  was  lowei'ed  about  8  ft. 
At  this  time  an  inspection  was  made  of  them,  and  it  was  decided  to  lay 
part  of  them  the  same  side  up  as  before,  while  a  few  of  each  kind  were 
reversed;  and  as  the  same  rails,  80  lbs.,  were  used  in  relaying,  it  did 
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not  necessitate,  except  in  a  few  instances,  making  new  spike  holes,  and 
where  this  was  done  the  old  holes  were  plugged. 

"  While  we  have  but  5  or  6  ins.  of  snow,  yet  it  is  difficult  to  give  as 
close  a  report  on  their  condition  at  this  time  as  it  will  be  next  spring, 
but  I  am  now  able  to  report  as  follows: 

"  White  Pine  (One  Notch). — The  raU  has  cut  into  the  tie  but  very 
little,  the  greatest  depth  being  |  in.  By  cutting  into  the  top  of  one  of 
the  ties,  the  wood  appeared  apparently  as  good  as  new. 

"  Tamarack  (  Two  Notches). — The  rail  has  cut  into  them  a  little  more 
than  the  white  pme;  about  \  in.  All  sound,  and  otherwise  appear  as 
good  as  new. 

^- Norway  (Three  Notches). — The  rail  has  cut  into  these  about  the 
same  as  tamarack,  a  ]-in.  cut  in  the  top  of  the  tie.  Found  the  wood 
in  fair  condition,  but  not  as  good  as  either  tamarack  or  white  pine. 

"In  general  terms,  the  process  of  preservation  has  not  only  pre- 
vented decay,  but  has  made  the  wood  much  denser,  thus  materially  re- 
ducing the  cutting  usually  done  by  the  base  of  rail,  and  judging  from 
the  results  already  attained,  these  ties  are  yet  good  for  15  years,  and, 
had  we  used  tie-plates,  for  a  much  longer  time,  as  the  destruction  of 
the  tie  will  be  from  wear  and  not  from  decay. 

"  Next  spring  I  will  take  out  some  of  each  kind  and  send  you  some 
sections  of  them  under  the  rail  bearing  and  through  the  spike  holes, 
which  will  enable  you  to  see  the  effect. 

"I  send  you  by  exj^ress,  some  pieces  that  were  cut  from  the  ties  the 
first  of  this  month,  for  your  inspection.  I  consider  this  a  good  show- 
ing, as  our  service  on  ties  is  the  most  severe  of  any  I  know  of  in  this 
country,  as  there  have  been  times  when  we  have  averaged  for  every  day 
in  the  month  over  100  trains  passing  over  them  every  24  hours.  Our 
heaviest  standard  locomotive,  ready  for  service,  weighs  about  120  tons, 
and  our  average  ore  car,  loaded,  carrying  24  gross  tons  in  a  car,  itself 
weighing  about  24  000  lbs. ;  length  over  all,  24  feet." 

In  response  to  an  inquiry  by  the  author,  Mr.  Eobert  Angst,  Chief 
Engineer,  under  date  of  June  22d,  1898,  writes : 

"The  untreated  ties  you  inquire  about  have  reached  the  end  of  their 
career,  and  are  now  in  the  ash  heap.  They  were  a  fair  average  of  the 
untreated  ties  on  our  line,  the  effective  life  being  between  7  and  8 
years." 

In  1891,  200  tamarack  and  200  hemlock  ties  were  treated  for,  and 
placed  in,  the  tracks  of  the  Pittsburg,  Fort  Wayne  and  Chicago  Eail- 
way.     Thomas  Rodd,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  says  of  them 


"After  these  ties  were  put  in  the  track  we  watched  them  pretty 
carefully  and  for  about  3  years  they  cut  rather  more  than  an  oak  tie. 
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After  that,  however,  they  seemed  to  cut  less  than  an  oak  tie,  and  are 
to-day  in  good  shape  in  our  main  track." 

In  the  spring  of  1898  two  of  these  ties  had  decayed,  and  were  re- 
moved. An  examination  after  removal  satisfied  Mr.  Chaniite  that  the 
two  ties  were  from  dead  trees,  and  their  failure  after  7  years'  service  he 
attributes  thereto.  In  1896  and  1897  the  same  road  put  in  track  about 
50  000  hemlock  preserved  ties;  and  during  1898  there  have  been  treated 
for  it  13  000  beech  and  11  000  black  and  red  oaks. 

The  Maintenance  of  Way  Committee  of  the  Association  of  Trans- 
23ortation  Officers  of  the  Pennsylvania  Lines  made  a  full  re23ort  on  the 
subject  of  ties  2  or  3  years  ago,  in  which  it  was  recommended  that 
100  000  ties,  preserved  with  zinc  chloride,  should  be  laid  each  year  on 
their  lines. 

There  have  been  a  number  of  ties  treated  for  the  Kock  Island  and 
Peoria  Railroad,  a  subsidiary  line  of  the  Chicago,  Hock  Island  and 
Pacific  Eailroad,  operated  under  sej^arate  management.  An  effort  was 
made  to  secure  data  from  this  road  as  to  its  experience  with  these  ties, 
but  nothing  but  very  general  statements  could  be  had.  From  the 
Chicago,  Eock  Island  and  Pacific  Eailroad  it  was  learned  that  the 
number  of  treated  ties  delivered  to  the  road  was  as  follows: 

1886 8  048 

1887 3  060 

1888 4  703 

1889 5  812 

1890 27  271 

1891 23  300 

Total 72  194 

In  response  to  an  inquiry,  Mr.  J.  E.  Breckenridge,  Eoadmaster, 
wrote,  under  date  of  June  27th,  1898: 

"  Oiir  ballast  at  that  time"  (when  the  ties  were  put  in)  "was 
mostly  gravel,  and  cinders  in  places  on  top  of  gravel.  On  prairie  soil, 
gravel  ballast,  ties  lasted  about  4  years  ;  on  timber  soil,  gravel  ballast, 
about  7  years;  around  coal  shafts  with  slack  ballast,  about  3  years.  I 
think  those  ties  might  have  done  better  had  they  been  piled  up  for  one 
year  and  got  thoroughly  dry.  The  ties  seemed  to  come  to  us  from 
the  vat,  and  were  generally  put  in  track  very  soon  after  they  were  re- 
ceived." 


CUKTIS   ON"    PKESERVATION    OF    RAILROAD   TIES.  321 

In  reply  to  a  later  inquiry  as  to  tlie  number  and  location  of  any  ties 
still  in  track,  Mr.  Breckenridge  wrote:  "There  are  none  of  tlie  ties 
you  speak  of  in  track  now." 

The  author  could  see  no  reason  to  expect  any  such  short  life  for  the 
ties  as  this  indicated,  judging  from  the  experience  of  others  with 
them;  and  as  inquiries  of  the  higher  officials  of  the  road  produced 
similar  views  to  those  of  Mr.  Breckenridge,  it  was  determined  to  test 
by  actual  examination  and  count,  the  statement  as  to  the  ties  being  all 
out;  and  to  determine  the  reason,  if  such  was  the  fact.  Accordingly, 
S.  M.  Eowe,  M.  Am.  Soc.  C.  E.,  who  was  for  some  time  in  charge  of 
the  Las  Vegas  treating  works,  was  engaged  to  walk  over  the  entire  line 
of  118  miles  and  count  all  the  treated  ties  he  could  find.  Mr.  Eowe 
made  this  examination  in  November  and  December,  1898,  and  in  his  re- 
port practically  gave  the  number  of  ties  on  each  mile  separately,  so 
that  his  count  could  be  readily  verified  or  disproved.  He  absolutely 
identified  20  272  treated  ties  and  estimated  that  there  were  2  000  more 
covered  by  snow  or  surplus  ballast— practically  30%"  still  in  service- 
indicating  how  easy  it  is  to  lose  the  reckoning  of  ties  in  track.  Mr. 
Howe  states: 

"  The  ballast  consists  about  as  follows:  From  Eock  Island  yard  to 
Milan,  mostly  sand,  quite  tine,  taken  from  local  sand  jiit.  The  main 
line  eastward  as  far  as  Toulon  is  mainly  fine  gravel,  some  places  very 
profuse,  covering  the  ties  many  places  so  as  to  prevent  inspection, 
while  much  of  the  distance  the  ballast  is  thin. 

' '  Almost  all  of  the  coal  branch,  and  that  portion  of  the  main  line  east 
of  Toulon,  is  ballasted  with  burnt  clay,  a  very  good  material  for  the 
purpose.  The  burnt  clay  ballast  is  in  ample  quantities,  covering  the 
track  entirely  for  considerable  distances  and  banked  against  the  ends 
of  the  ties  so  as  to  materially  retard  drainage. 

"  In  consequence  of  this,  the  track  is  down  and  ties  are  churning 
in  the  softened  track.  To  what  extent  this  has  affected  the  lasting 
qualities  of  the  cross-ties,  I  am  not  prej^ared  to  say,  but  the  matter  is 
here  noticed  with  reference  to  that  question. 

"  The  identification  of  the  treated  hemlock  ties  was  not  difficult,  as 
the  grain  of  the  wood,  the  presence  of  bits  of  the  bark  and  the  well- 
defined  shade  of  the  surface  of  the  timber,  were  all  an  aid  in  this;  but 
the  most  striking  characteristic  of  the  hemlock  w^as  what  I  would  call 
its  'integrity  ';  that  appearance  of  soundness  of  wood,  and  especially 
the  absence  of  material  wear  under  the  rail.  To  fully  understand 
this,  a  personal  examination  is  necessary,  as  while  the  superiority  of 
these  treated  ties  is  so  marked,  the  actual  condition  is  hard  to  put  into 
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words  to  express  it  fully.  This  is  especially  noticeable  between 
Crampton  and  Orion  on  the  Cable  Branch. 

"  In  regard  to  the  identification  of  the  tamarack  it  was  found  very 
diflScult,  as  the  difference  of  the  grain  from  that  of  the  cedar  was  less 
marked,  and  only  the  greater  firmness  of  the  wood  and  the  shade  of 
color  due  to  the  treatment  were  available,  and,  in  consequence,  many 
were  missed  in  checking. 

"  Without  a  more  searching  examination  of  these  ties  yet  in  track, 
it  is  difficult  to  form  an  opinion  as  to  the  time  they  will  serve.  I 
would  judge  that  jierhaps  25%"  would  be  removed  in  a  relaying  of  the 
track,  and  that  the  service  of  the  other  75%  would  be  from  2  to  5  years 
if  properly  handled.  Very  few  of  the  ties  (hemlock)  were  found  in 
the  waste  piles. 

' '  The  resistance  to  rail  wear  was  remarkable,  and  when  the  hem- 
lock was  laid  with  oak,  the  wear  was  inaiijjreciable.  When  laid  here 
and  there,  interspersed  with  cedar,  the  wear  was  greater,  but  still  in- 
significant compared  to  that  of  the  cedar,  and  this  fact  aided  very 
much  in  finding  them." 

SoTJTHEKN  Pacific  RAXLKOAr). 
The  profession  and  the  railroads  owe  a  great  debt  to  Mr.  J.  Krutt- 
schnitt.  General  Manager  of  the  Southern  Pacific  Company,  for  the 
very  careful  and  complete  manner  in  which  he  has  had  kept  the  rec- 
ords of  the  ties  treated  and  used  on  his  road.  His  is  the  only  com- 
pany which  can  furnish  complete  data  on  the  subject;  and  when  the 
labor  entailed  is  considered,  especially  after  preliminary  tests  have 
indicated  the  success  of  the  treatment,  so  that  there  is  some  confi- 
dence in  it,  it  is  the  more  remarkable  that  he  has  so  consistently  and 
constantly  devoted  so  much  of  his  own  time  to  it,  as  is  necessary  to 
insure  its  continuance.  There  can  be  no  question  of  the  value  of 
these  records  to  the  railroad,  and  the  slight  exi^ense  is  thoroughly 
justified,  and  would  be,  even  if  much  greater  than  it  is.  One  of  the 
difficulties  in  connection  with  the  treatment  of  ties  in  the  United 
States  in  the  near  future  is  likely  to  be  this  one  of  proper  records. 
Treated  ties,  like  the  untreated  ones,  will  show  great,  and,  to  the 
casual  or  superficial  observer,  entirely  unaccountable,  variations  in 
life;  and,  unless  it  is  possible  to  determine  definitely  by  total  averages 
the  life  secured  from  the  ties,  there  are  apt  to  be  periods  when  those 
in  authority  will  conclude — ^from  impressions,  not  records — that  treat- 
ment is  a  failure  and  a  waste  of  money.  Even  under  favorable  condi- 
tions, ties  will  develop  eccentricities  which  will  demand  investigation 
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and  expert  consideration,  if  the  best  results  are  to  be  obtained.  This 
has  been  the  case  already  in  several  instances  in  the  United  States  and 
abroad,  and  as  more  roads  adopt  the  process  and  attempt  to  let  it 
run  itself,  failures  are  bound  to  occur,  without  the  records  which,  if 
properly  kept,  would  indicate  the  cause  and  permit  the  remedy  to  be 
applied. 

All  the  treated  ties  on  the  Southern  Pacific  Railroad,  exce^jt  the 
bridge  ties,  which  are  creosoted,  are  preserved  by  the  old  original 
Burnettizing  method,  viz.,  the  injection  of  chloride  of  zinc  only, 
with  no  other  treatment  to  prevent  the  leaching  out  thereof.  The 
use  of  these  ties  was  commenced  on  the  Texas  and  New  Orleans  road, 
a  part  of  the  Southern  Pacific,  Atlantic  System,  in  1887,  and  until 
1891  they  were  treated  at  the  works  of  the  Houston  and  Texas  Cen- 
tral Railroad,  at  Houston,  Texas;  after  that  date,  at  the  plant  of  the 
Southern  Pacific  road,  erected  near  the  same  place. 

The  operations  on  this  road  are  described  in  a  very  complete  and 
thoughtful  report  made  to  Mr.  Kruttschnitt  by  Mr.  J.  T.  Mahl,  Engi- 
neer of  Maintenance  of  Way  of  the  Atlantic  System,  under  date  of  July 
9th,  1898.  The  following  data  are  from  this  report,  supplemented  by 
information  in  letters  by  Mr.  Kruttschnitt;  the  quotations  are  from 
from  the  report : 

"  The  timber  treated  is  long-leaf  and  short-leaf  yellow  pine  from 
Eastern  Texas  and  Western  Louisiana."  It  is  all  sap  wood,  and,  un- 
treated, has  a  life  of  only  Ih  to  3  years,  being  the  cheapest  wood  ob- 
tainable. The  heart  wood  of  the  same  timber,  untreated,  would  have 
a  life  of  from  6  to  9  years. 

"  It  is  felled  at  all  the  seasons  of  the  year,  and  no  attempt  is  made 
to  season  it,  either  before  cutting  into  ties  or  after  receiving  it  at  the 
works,  previous  to  treatment."  However,  "in  treating  the  large 
number  of  ties  we  are  called  on  to  treat  for  this  comj^any  and  its 
atfiliated  lines,  some  timber  necessarily  must  be  stored  at  the  works, 
and  this  receives  natural  seasoning  to  some  extent.  When  ties  are 
treated  some  care  is  taken  in  charging  the  cylinders  to  fill  them  as 
nearly  as  possible  with  ties  of  the  same  age,  so  as  to  secure  uniform 
treatment ;  for  if  green  ties  and  ties  which  had  been  seasoned  for  3 
to  6  months  were  subjected  to  the  same  treatment,  the  percentage  of 
absorption  of  the  seasoned  ties  would  be  much  greater  than  the  ab- 
sorption of  the  green  ties." 

The  strength  of  the  solution  of  chloride  formerly  used  was  25-°  of 
the  Beaume  scale,  corresponding  to  l.T^  of  chloride;  and  from  0.70  to 
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0.75%  hj  weight  of  the  pure  chloride  was  injected.  As  many  ties 
shattered  and  split  under  traffic,  it  was  concluded  that  the  strength 
and  quantity  of  the  injection  was  too  great,  and  this  has  been  grad- 
ually reduced  until  the  strength  is  now  represented  by  2^°,  and  the 
quantity  is  from  0.50  to  0.55  per  cent.  In  the  author's  opinion,  this 
is  probably  a  mistake.  In  Table  No.  9  it  will  be  noted  that  of  92  206 
ties  removed  from  six  districts  during  2  years  and  4  months,  87% 
were  rotten,  and  only  11%"  were  removed  because  of  shattering.  Of 
course  the  limiting  line  between  decay  induced  by  shattering  under 
the  rail  and  that  acting  on  the  tie  generally  is  difficult  to  define,  and 
these  figures  may  not  fairly  rej^resent  the  relative  difficulties  from  the 
two  causes.  This  trouble  with  shattering  has  been  found  elsewhere 
with  different  material  and  with  very  much  higher  strengths  and 
larger  quantities  of  the  chloride,  without,  however,  developing  into 
any  very  serious  matter.  The  German  practice  at  some  works  is  to 
use  a  solution  3°  strong,  and  the  specifications  for  treatment  at  the 
J.  Ruetgers  Works  require,  in  case  of  green  or  close-grained  wood,  into 
which  it  is  impossible  to  inject  the  required  amount  of  solution  of 
3°  strength,  that  this  strength  shall  be  increased  even  up  to  4i°,  so 
as  to  secure  the  presence  of  an  equivalent  amount  of  the  zinc  chloride 
in  all  ties.  The  Chicago  Works  use  at  times  a  3.8°  solution  and  now 
inject  1%  of  chloride;  and  yet,  out  of  4  000  000  ties  treated,  not  one 
broken  tie  has  been  reported.  The  proportion  of  those  shattered  to 
pieces  is  unknown,  but  is  believed  to  be  small. 

The  best  German  expert  advice  is  to  the  effect  that  the  change  in 
strength  from  2h  to  2|o  is  entirely  too  small  to  affect  at  all  the  strength 
of  timber.  If  the  shattering  at  any  time  exceeded  or  nearly  approached 
the  destruction  by  rot,  it  was  more  probably  due  to  the  use  of  excessive 
heat  or  impure  chloride. 

' '  With  few  exceptions  the  treated  ties  have  been  used  exclusively 
in  the  main  line  between  Houston  and  El  Paso,  a  distance  of  about  836 
miles."  Tables  Nos.  6,  7  and  8,  give  very  complete  data  as  to  the  life 
of  ties  on  the  Atlantic  system,  which  includes  the  above. 

To  obtain  the  information  regarding  treated  ties  "it  has  been  the 
practice  of  the  company  to  stamjj  the  ends  of  the  ties,  immediately 
after  treatment,  with  a  brass  die  giving  the  month  and  year  of  treat- 
ment. Track  foremen  have  been  required  to  put  the  stamj^ed  ends  of 
all  ties  upon  the  same  side  of  the  track,  that  is  to  say,  on  the  right 
hand  going  from  New  Orleans  to  El  Paso.     Foremen  are  provided  with 
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an  especially  prepared  blank  on  which  they  are  required  to  report  at 
the  end  of  each  month,  the  number  of  treated  ties  of  the  same  date, 
removed  by  them;  also  the  causes  of  removals  of  these  ties,  that  is  to 
say,  whether  rotten,  shivered  or  broken,  or  from  miscellaneous  causes. 
These  reports  are  then  forwarded  to  the  office  of  the  Engineer  of  Main- 
tenance of  Way,  where  they  are  consolidated." 

TABLE  No,  6. — Classification  of  Ties  in  Teack,  Atlantic  System, 
SouTHEKN  Pacific  Eailkoad,  June  30th,  1897. 


Kind. 

Total  number. 

Percentage  of  whole. 

3  051  476 

1  019  435 

42  804 

1  704  012 

323  371 

9  214 

49.6 

Untreated  heart  pine. .. .        ... 

16.6 

Creosoted  ties,  principally  bridge  ties. 

0.7 
27.7 

California  red- wood,  ...  . 

5.3 

Oak            

0.1 

Totals 

6  150  312 

100.0 

TABLE  No.  7. — Tie  Renewals,  Atlantic  System,  Southern  Pacific 
Eailkoad. 


Year. 

Miles  of  track 
including  sidings. 

Number  of  ties 

renewed  of  all 

kinds. 

Percentage  of 

removals  to  total 

in  use. 

Average  per- 
centage per  year 
for  5  years. 

1887 

1  931.56 

1  946.86 

2  018.66 
2  025.22 
2  049.07 
2  063.18 
2  085.32 
2  128.65 
2  175.97 
2  192.87 
2  198.28 

498  581 
589  969 
508  150 
410  153 
497  617 
495  287 
438  053 
:H65  393 

430  014 

431  628 
231  460 

9.8 
11.5 
9.5 
7.5 
9.2 
8.8 
7.3 
6.1 
7.0 
7.0 
3.8 



1888 

1889 

1890 

1891 

9.5 

1893 

1894 

1895 

1896 

7.24 

1897* 

For  6  months  only,  from  January  1st,  1897,  to  June  30th,  1897. 


The  figures  for  removals  in  1893  include  the  removals  of  previous 
years,  sejiarate  figures  for  which  were  lost. 

"It  will  be  observed  from  Table  No.  8  that  nearly  all  the  1887  ties 
have  been  removed,  whilst  an  unusually  large  number  of  1888  have 
also  been  taken  out.  Our  records  for  these  years  show  that  a  large 
percentage  of  the  removals  was  due  to  the  ties  having  been  shivered 
and  broken." 

This  is  attributed  to  the  fact  that  during  the  first  few  years  the 
timber  was   overheated,  the  temperature  in  the  cylinders  being  at 
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TABLE  No.  8. — Treated  Ties  Laid  and  Renewed,  by  Yeaes,  Atlantic 
System,  Southekn  Pacific  RAiiiEOAD. 


Year 
treated. 

si 
II 

Hi 

Y 

ear  removed. 

ll 

lit 

;5 

ill 

1883. 

1894. 

1895. 

1896. 

1897*. 

P-i 

1887 

1888 

1889 

1890 

1891 

4  144 
118  098 
196  365 
212  677 
180  670 
247  179 
179  229 
190  769 
190  802 
165  783 
86  737 

472 

1   3  199 

1      528 

69 

1020 

3  602 

547 

67 

8 

1156 
10  665 
3.337 

940 
185 

269 
6 

1401 
16  883 
5  545 
3  536 

336 
177 
18 
129 

95 
9  419 

3  867 

4  424 
1035 

444 

120 

79 

1 

1 

4  144 

43  768 

13  824 

9  036 

2  164 

826 

566 

103 

130 

10 
9 

8 
7 
6 

0 

93 
96 
98.8 

1893 

1894. 

t                I 

1 

1896 

1897  ... . 

Total 

number  1 
ed 1 

4  268 

5244 

16  604 

28  961 

19  485 

74,562 

reraov 

*  These  figures  are  for  six  months  only,  from  January  1st  to  June  30th,  1897. 

times  as  high  as  300°  Fahr. ;  and  also  to  the  strength  of  the  solution. 
The  latter  has  already  been  commented  upon.  The  average  life  of 
the  ties  treated  in  1887,  considering  the  472  reported  as  removed  in 
1893  as  actually  coming  out  that  year,  is  8  years,  the  amount  of  error 
from  this  assumption  being  small.  Of  the  later  years  the  average  life 
of  the  ties  treated  cannot  now  be  figured,  as  many  of  them  are  still  in 
service.  Of  the  1888  ties  63%"  were  still  in  track  after  9  years'  service; 
of  the  1889  ties,  93%  after  8  years'  service;  of  the  1890  ties,  96%  after  7 
years'  service. 

It  is  not  claimed  that  the  decrease  in  the  jjercentage  of  renewals  of 
ties  of  all  kinds  during  the  past  10  years  from  an  average  per  year  of 
9.5%  for  the  years  1887-91,  to  an  average  of  7.24%  for  the  years  1892- 
96,  is  due  solely  to  the  use  of  the  j^reservative  process;  but,  in  the 
opinion  of  Mr.  Kruttschnitt,  that  is  an  important  factor  in  it.  He 
says: 

"Many  years  ago  I  became  convinced  that  the  greatest  economies 
that  could  be  effected  in  railroad  oijeration  would  be  those  effected  by 
the  treatment  of  timber.  From  the  year  1885  when  I  assumed  charge 
of  the  Atlantic  System,  I  have  been  consistently  working  to  the  policy 
of  using  nothing  but  Burnettized  or  creosoted  ties,  or  redwood  and 
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cypress.  The  California  redwood,  when  protected  against  crushing, 
is  practically  everlasting,  and  our  statistics  show  the  gradual  increase 
in  the  number  of  what  we  might  call  permanent  ties,  and  a  gradual 
decrease  of  untreated  pine  and  oak.  We  hope  within  the  next  3  or  4 
years  to  make  the  latter  disappear  entirely.  The  reduction  in  the 
number  of  ties  renewed  per  mile  is  due  to  three  causes : 

"First. — Treatment  of  timber. 

"Second. — Reduction  in  the  use  of  heart  pine  and  increase  in  the 
use  of  redwood  and  cypress. 

"  Third.— To  tie-plating." 

Quoting  again  from  Mr.  Mahl's  report : 

"  The  objection  to  the  Burnettized  ties,  as  we  have  treated  them,  is 
that  moisture  will  dissolve  the  chloride  around  the  ends  and  outer 
surface  of  the  ties,  thus  leaving  an  outer  shell  unpreserved,  the  tim- 
ber in  the  same  having  resumed  its  natural  condition,  which,  for  the 
class  of  ties  we  use,  is  poor,  indeed.  The  extent  of  this  washing  out 
of  the  zinc  is  dependent  upon  the  annual  rainfall,  the  quality  and 
cross-section  of  the  ballast  tised  and  the  efficiency  of  the  drainage. " 

The  effects  of  moisture  on  the  ties  in  the  different  sections  being 
merely  conjectural,  beginning  in  1896  the  records  were  so  arranged 
as  to  permit  each  roadmaster's  district  to  be  studied  independently. 
The  results  so  far  obtained  can  be  considered  as  indicative  only,  but 
they  are  interesting. 

The  Glidden  District  has  a  length  of  main  line  of  86  miles,  begin- 
ning at  Houston,  Tex.,  and  extending  west  to  Glidden.  It  runs  through 
a  low  flat  country,  and  is  ballasted  with  coarse  gravel  which  extends 
3  ins.  above  the  ties  at  the  center  of  the  track  and  slopes  so  as  to  leave 
the  ends  of  the  ties  free.  The  ballast  is  8  ins.  thick  under  the  ties. 
The  average  yearly  rainfall  at  Houston  is  49  ins.,  which  is  a  fair  allow- 
ance for  the  entire  division.     A  61^-lb.  rail  with  a  4J-in.  base  is  used. 

The  San  Antonio  District  joins  the  preceding  at  Glidden  and  ends 
at  San  Antonio,  Tex.  It  has  a  length  of  main  line  of  121  miles.  The 
profile  is  undulating,  the  line  crossing  the  drainage  of  the  country. 
A  61i-lb.  rail,  with  a  4^-in.  base,  is  used.  The  ballast  is  the  same  as 
for  the  Glidden  District,  and  the  roadbed  is  well  drained.  The  average 
yearly  rainfall  at  San  Antonio  is  29.5  ins.,  and  30  ins.  can  be  assumed 
as  the  precipitation  for  the  San  Antonio  District. 

The  Del  Rio  District  has  a  length  of  main  line  of  170  miles.  The 
profile  is  undulating,  and  there  are  some  grades  of  1  per  cent.  The 
roadbed  is  of  standard  cross-section,  well  drained,  and  is  ballasted 
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■with  coarse  gravel.  A  50-lb.  rail,  with  a  S^-in.  base,  is  used.  The 
rainfall  for  the  District  is  given  by  the  Government  Eeport  on 
Climate,  for  1896,  as  between  20  and  30  ins. 

The  Sanderson  District  has  138  miles  of  main  line,  and  runs  almost 
entirely  through  laountaiuous  country,  with  maximum  grades  and 
curves  of  1%  and  10^,  respectively.  The  rail  is  half  60-lb.  and  half 
50-lb.  There  is  no  ballast,  the  ties  lying  on  the  natural  bed  of  soil 
and  rock.  The  rainfall  is  less  than  for  the  Del  Eio  District,  being 
given  in  the  Government  Report  as  from  10  to  20  ins. 

The  Valentine  District  has  154  miles  of  main  line,  through  country 
of  the  same  character  as  the  Sanderson  District.  The  rail  is  about 
half  70-lb.  and  half  50-lb.  The  track  is  ballasted  for  42  miles  with 
fine  gravel,  and  is  of  standard  section.  The  rainfall  given  is  the  same 
as  for  the  Sanderson  District,  but  is  probably  nearer  the  lower  limit. 

The  El  Paso  District  has  161  miles  of  main  line  through  country  of 
the  same  character  as  the  two  preceding  sections.  The  rail  is  half 
61f-lb.,  and  half  50-lb.  There  is  no  ballast.  The  rainfall  is  light, 
and  about  55  miles  of  the  line  is  through  arid  country ;  probably  8  to 
10  ins.  precipitation  would  be  an  average  for  the  District.  The  re- 
moval of  treated  ties  only,  on  these  various  districts,  for  the  28 
months  ending  April  30th,  1898,  is  given  in  Table  No.  9. 

TABLE  No.  9. — REMOVAiiS  of  Burnettized  Ties  and  Causes  thebeof 
ON  Six  Divisions,  Atlantic  System,  Southern  Pacific  Eailkoad, 
FROM  January,  1896,  to  May,  1898. 


Cause  of  Removal. 

District. 

No.  of 

ties 

removed. 

Rotten. 

Shivered, 
broken. 

Accidental 

and 

miscellaneous. 

Average  life 

of  ties 

removed. 

No.  of. 

Per 
cent. 

No.  of. 

P.,. 

cent. 

No.  of. 

Per 

cent. 

Glidden 

San  Antonio... 
Del  Rio 

iiiiii 

5  542 
36  750 
14  247 

1  716 
10  911 
10  898 

92 
88 
92 
66 
85 
81 

506 
4  691 
1  240 

145 
1  825 
1  596 

8 
11 
8 
5 
14 
12 

0 
250 
77 
746 
163 
903 

0 
1 

■■29" 
1 

7 

6  yrs.    9  mos. 
8    "    10    " 

Sanderson 

Valentine 

El  Paso 

6  "     8    " 

7  "     0    " 
7    "     6    " 

92  206 

80  064 

87 

10  003 

11 

2  139 

^ 

7  yrs.  11  mos. 
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It  should  be  noted  that  the  average  life  given  m  the  table  is  that 
of  the  ties  removed,  and  is  of  little  value  as  indicating  the  probable 
average  life  of  a  lot  of  ties  unless  the  ties  have  been  in  the  track  long 
enough  to  have  covered  the  life  of  the  most  durable;  and  instead 
furnishes  only  a  minimum  life.  To  illustrate  this,  Table  No.  10, 
covering  additional  data  for  the  first  two  districts,  is  given.  It  will 
be  noted  that  the  average  life  of  the  ties  removed  is  increasing 
steadily.  The  discrepancies  in  the  figures  for  the  average  life  in  the 
two  tables  are  due  to  the  first  covering  28  months,  while  in  the  second 
the  averages  are  for  each  year. 

TABLE  No.  10.  —Removals  of  Buenettized  Ties  fkom  Two  Districts, 
Atlantic  System,  Socthekn  Pacific  Railroad. 


Ties  Removed  from  Track. 

Average  Life  of  Ties  Removed. 

Glidden  District. 

San  Antonio  District. 

Glidden  District. 

San  Antonio  District. 

1894.... 
1895.... 
1896.... 
1897*... 
1898.... 

848 

841 

1  871 

1  750 

4  109 
10  330 
16  904 

8  186 
19  986 

5  yrs.    8  mos. 

6  "      5    " 
5     "     11     " 

7  "      5     " 
7     "      0     " 

6  yrs.    2  mos. 

6  "    10     " 

7  "      9     " 

8  "      2     '' 
8    "      8     " 

In  Table  No.  9  the  average  life  on  the  Sanderson  District  is  much" 
lowered  on  account  of  the  large  number  of  removals  due  to  accidents 
and  miscellaneous  causes.  On  the  Valentine  and  El  Paso  Districts  the 
average  is  also  lowered  by  extensive  rail  renewals  during  the  last  3 
years.  Mr.  Mahl's  opinion  is  "that  the  relative  difference  in  life 
shown  to  exist  between  the  Glidden,  San  Antonio  and  Del  Rio  dis- 
tricts may  be  reasonably  taken  as  representing  the  relative  life  of 
ties  for  those  districts. "  Mr.  Mahl  states:  "With  few  exceptions  the 
treated  ties  have  been  used  exclusively  in  the  main  line  between 
Houston  and  El  Paso,"  being  composed  of  the  Divisions  previously 
described.  By  comparing  Tables  Nos.  8  and  9,  it  will  be  seen  that  the 
average  life  of  all  the  ties  removed  on  all  the  divisions  in  the  18  months 
ending  July  1st,  1898,  was  7  years  and  11  months  ;  and  that  on  July 
1st,  1897,  of  all  the  ties  laid  8  years  previously,  93%  was  still  in  the 
track. 

' '  The  track  work  on  these  districts  during  the  period  in  question 
consisted  by  far  of  only  ordinary  section  labor  engaged  in  the  repair 
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and  maintenance  of  the  roadbed  and  track.  For  some  years  past^ 
our  repairs  of  roadbed  and  track  over  the  entire  system  have  shown 
gratifying  decreases  each  year,  nntil,  for  the  i^resent  year  ending  June 
30th,  1898,  these  repairs  will  not  exceed  S305  per  mile  of  main  line  for 
the  part  west  of  Houston.  This  is  the  lowest  cost  for  repairs  of  roadbed 
and  track  that  has  ever  been  obtained,  and  it  is  in  part  attributable  to 
the  increased  percentage  of  treated  ties  in  track." 

The  results  of  Burnettizing  were  so  satisfactory  on  the  Atlantic 
System  that  a  plant  was  built  in  1894  for  the  Pacific  System  of  the 
Southern  Pacific  Company,  and,  as  the  timber  supplies  were  widely 
separated,  for  esonomy  the  entire  works  were  placed  on  wheels,  and 
when  a  change  m  location  is  necessary,  the  plant  forms  a  train  which 
has  successfully  traversed  16°  curves  and  S%  grades.  It  consists  of 
two  retorts,  6  ft.  in  diameter  and  114  ft.  long,  and  has  a  capacity  of 
2  500  to  3  000  ties  in  24  hours.  The  total  number  of  treated  ties 
in  the  tracks  of  the  Pacific  System,  up  to  the  end  of  1897,  was  1  448  315, 
all  but  74  012  of  which  were  placed  subsequent  to  1894;  consequently 
no  information  is  yet  available  as  to  their  life.  This  particular  plant  is 
described  in  a  paper*  by  W.  G.  Curtis,  M.  Am.  Soc.  C.  E.,  and  was 
built  under  patents  owned  by  Messrs.  Curtis  and  Isaacs,  both  of  the 
Southern  Pacific  Railroad. 

A  similar  plant  is  now  under  constriiction  for  Mr.  O.  Chanute,  to 
treat  ties  for  the  Chicago  and  Eastern  Illinois  Railroad. 

Summary  and  Discossion  of  Recent  American  Experience. 

From  the  preceding,  the  exiierience  of  American  roads  with  treated 
ties  may  be  concluded  to  be  generally  favorable.  The  Atchison,  Tojjeka 
and  Santa  Fe  Railroad  officials,  after  12  years'  trial  on  a  large  scale, 
believe  they  are  getting  from  11  to  12  years'  service  from  mountain 
pine,  having  a  natural  life  of  about  4  years  ;  while  from  natural  white 
oak  they  get  but  6  years  in  heavy  main  line  service  ;  and  from  cedar  10 
years  under  light  service. 

The  Union  Pacific  Railroad  reports  about  9  years  for  mountain  pine 
and  spruce.  The  Chicago,  Rock  Island  and  Pacific  Railroad  report  of 
the  count  of  ties  now  in  place,  indicates  a  life  of  at  least  8|  years.  The 
unimpeached  counts  of  removals  prior  to  1894  show  that  in  that  year 
84.7%  of  the  ties  laid  7  years  previously  was  still  in  track.  The 
record  of  the  four  sections  just  west  of  the  Missouri  River,  as  here  fig- 
*  Journal  of  the  Association  of  Engineering  Societies,  July,  1895. 
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tired,  indicates  a  life  of  11  years.  The  experience  of  the  Pittsburg, 
Fort  Wayne  and  Chicago  Railroad  with  hemlock  and  tamarack  ties, 
only  1%*  having  been  removed  after  7  years;  and  of  the  Dulnth  and 
Iron  Range  Railroad,  with  white  and  Norway  jiine  and  tamarack  which, 
after  7J  years'  service  and  after  having  been  taken  up  and  relaid  once, 
■were  still  in  nearly  perfect  condition;  furnish  conclusive  evidence  that 
the  treatment  is  efficacious,  and  presumptive  evidence  that  a  life  of  11  or 
12  years  may  be  expected.  The  discovery  of  about  the  same  number  of 
treated  ties  in  the  tracks  of  the  Rock  Island  and  Peoria  Railroad,  as 
were  laid  in  1891 — at  which  time  the  last  were  laid — demonstrates  how 
entirely  mistaken  were  the  officers  of  that  road  as  to  the  life  to  be 
secured  from  such  ties,  even  under  the  unfavorable  conditions  existing 
as  to  drainage  and  ballast. 

The  Southern  Pacific  Railroad,  operating  on  the  most  perishable 
material,  with  a  life  of  only  3  years  at  the  best,  had  93%"  of  the  ties 
treated  and  laid  in  1889  still  in  the  track  after  8  years.  The  record  for 
the  ties  treated  during  the  2  previous  years  was  not  as  good,  for 
known  reasons;  however,  those  laid  during  1887  gave  10  years'  ser- 
vice, and  of  the  1888  ties,  63%  was  still  in  use  9  years  later. 

The  woods  which  have  been  treated  and  used  for  a  considerable 
time  in  regular  service  are  the  mountain  pines,  firs  and  spruces,  hem- 
lock and  the  saj)wood  of  the  yellow  pine.  The  woods  used  experi- 
mentally are  the  cottonwood,  sweet  gum,  red  and  black  oaks,  beech, 
tamarack  and  Norway  and  white  pine.  Of  other  timbers  which  have  not 
been  tested,  it  can  be  expected  that  beneficial  results  will  be  obtained 
from  treating  any  wood  which  will  take  the  treatment  well;  that  is,  into 
which  the  proper  amount  of  chloride  can  be  injected.  This  is  deter- 
mined by  the  physical  characteristics  of  the  timber,  the  size  of  the  sap 
ducts,  the  thickness  of  their  walls  and  the  amount  of  gtimmy  sub- 
stance contained  in  the  sap.  It  does  not  follow,  however,  that  equally 
good  service  will  be  secured  from  two  materials,  even  if  they  take  treat- 
ment equally  well.  The  table  on  page  301  shows  that  in  the  German 
practice  their  beech  and  pine  are  treated  with  the  same  quantity  of 
chloride,  but  the  j)ine  has  3  years'  longer  life,  if  both  are  Burnettized. 
Treated  with  tar  oil,  the  beech  is  apjaarently  the  longer  lived  by  50 
per  cent. 

The  German  practice  is  to  treat  only  thoroughly  seasoned  wood. 
This  is  generally  considered  to  be  desirable  in  America  also,  but  seems 
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to  be  unattaiuable.  Mr.  W.  G.  Curtis,  however,  in  his  paper  describ- 
ing the  practice  of  the  Southern  Pacific  Railroad,  Pacific  System, 
already  referred  to,  states  that  freshly  cut  ties  take  the  treatment 
much  more  readily  than  those  partly  seasoned;  so  that  if  the  ties  are 
freshly  cut,  they  can  get  six  charges  through  two  cylinders  in  24  hours; 
while  if  partly  seasoned,  they  get  but  five  charges. 

"  We  find  the  time  required  varies  greatly  with  the  kind  of  timber 
and  with  the  time  during  which  the  ties  have  been  seasoning.  Cali- 
fornia mountain  pine,  fir  and  spruce  require  less  time  than  Oregon 
fir,  and  all  timbers  are  more  readily  treated  when  freshly  cut.  An 
Oregon  fir  tie  seasoned  in  the  air  for  2  years  will  take  double  the 
time  for  the  treatment  required  for  one  freshly  cut.  Occasionally  a 
close-grained,  well-seasoned  tie  will  not  receive  the  preservative  at  all, 
the  fluid  penetrating  into  the  sides  only  about  ^  in." 

While  this  statement  is  probably  correct  for  the  particular  timber 
treated,  it  is  entii-ely  contrary  to  the  practice  at  other  places,  both  here 
and  abroad.  As  already  quoted  at  the  Houston  works  of  the  Southern 
Pacific  Railroad,  "if  green  ties  and  ties  which  have  been  seasoned  for 
3  to  6  months  were  subjected  to  the  same  treatment,  the  jjercentage  of 
absorption  of  the  seasoned  ties  would  be  much  greater  than  the  ab- 
sorption of  the  green  ties."  The  Chicago  Tie  Preserving  Company 
finds  it  impossible  to  get  satisfactory  work  with  freshly  cut  ties, 
whether  of  hemlock,  beech  or  tamarack.  During  1898  this  company 
ceased  operating  entirely  for  nearly  2  months,  and  piled  up  70  000  ties  in 
the  yard  at  considerable  expense  for  rehand  ling,  tojiermit  them  to  sea- 
son sufiiciently  to  take  the  preservative.  These  peculiarities  of  timber, 
however,  are  not  necessarily  dangerous.  It  is  simply  necessary  to  fit 
the  treatment  to  the  material;  and  emphasizes  two  things:  That  such 
a  cost  should  be  allowed  for  treatment  as  to  permit  of  occasional 
exceptional  expense  without  loss,  and  that  persons  entrusted  with  such 
work  should  be  above  sacrificing  the  quality  of  their  work  for  a  small 
immediate  gain. 

The  Chicago  Tie  Preserving  Company  has  very  kindly  given  access 
to  all  its  notes  and  records,  both  of  routine  and  experimental  work; 
and  by  request  has  submitted  the  following  statement: 

"  This  comi^auy  has  made  hundreds  of  experiments  upon  thousands 
of  ties.  These  were  tried  partly  by  weighing  individual  ties  before  and 
after  treatment  in  the  regular  runs,  to  ascertain  the  absorption;  and 
partly,  since  1894,  by  special  treatments  in  an  experimental  retort, 
holding  three  ties,  wherein  various  methods  could  be  tested  without 
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interfering  with  the  regular  runs.  The  objects  in  the  latter  were  two- 
fold: 

"First. — To  ascertain  by  what  modilication  the  largest  quantity  of 
chloride  of  zinc  could  be  injected  without  making  the  timber  brittle. 
This  has  been  attained,  the  amount  of  antiseptic  absorbed  since  1896 
having  averaged  double  that  injected  in  1886,  with  what  results  re- 
mains to  be  seen,  while  not  a  tie  has  been  reported  as  having  broken 
in  the  track. 

"Second. — To  ascertain  whether  the  ties  were  in  proper  condition 
to  treat,  and  the  idiosyncrasies  of  various  woods. 

"As  regards  the  conditions,  it  has  been  found  that  ties  delivered 
early  in  the  spring  require  to  be  treated  differently  than  those  arriving 
in  the  late  summer.  Sometimes  the  former  are  qiiite  unfit  and  miist 
be  placed  upon  the  ground  to  season.  This  should  preferably  be 
done  in  cribbed  piles  (when  there  is  space  enough)  to  allow  the  air  to 
circulate  between  the  ties.  The  same  has  to  be  sometimes  done  in 
the  autumn,    when  the  ties  have  been  rafted  or   floated  out  to  the 


"  Refractory  lots  of  hemlocks  are  piled  upon  the  ground,  and  a  few 
tested  month  by  month  to  ascertain  their  condition.  It  is  found  that 
they  gradually  improve  in  receptivity,  so  that  in  6  months  they  absorb 
two  to  three  times  as  much  as  upon  their  first  arrival.  This  agrees  with 
European  experience,  where  ties  are  seldom  treated  less  than  a  year 
after  being  cut,  but  it  is  the  reverse  of  the  experience  of  Mr.  W.  G. 
Curtis,  on  the  Southern  Pacific  System  in  California  and  Oregon,"  as 
quoted  above.  "  The  same  claim  was  made  by  Mr.  O.  Thilmany,  who 
stated:  '  We  prefer  green  timber;  dry  timber  has  to  be  steamed  longer. 
Only  live  and  sound  timber  can  be  preserved.' 

"  Perhaps  these  puzzling  contradictions  are  due  to  diflferences  in  the 
character  of  the  woods  treated,  or  in  the  time  of  cutting. 

"  It  is  well  recognized  that  natural  woods  are  more  lasting  if  cut 
when  the  sap  is  down.  Summer-cut  hemlock  ties  tested  repeatedly 
by  the  Chicago  Tie  Preserving  Company  only  absorbed  about  half  as 
much  as  those  winter-cut,  and  it  was  also  found  that  some  gum  and 
pine  ties  cut  in  Virginia,  North  Carolina  and  Georgia  in  September, 
absorbed  from  two  to  eight  times  as  much  as  ties  from  the  same  woods 
cut  in  April. 

"It  is  most  desirable,  before  treating  a  tie,  to  know  when  it  was 
cut,  and  an  ideal  condition  would  be  to  have  the  ties  identified  as  to 
the  time  of  their  cutting,  and  treated  in  the  same  order. 

"  After  treatment  all  ties  should  be  allowed  to  dry,  as  is  always 
done  in  Enroi^e.  Several  lots  were  treated  twice  in  Chicago,  having 
absorbed  in  the  first  treatment  but  about  14%  of  their  weight.  All 
of  this  gain  they  lost  in  5  months  of  seasoning,  and  V2%  more;  and 
were  then  in  a  proper  condition  for  a  second  treatment. 
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"As  regards  the  idiosyncrasies  of  various  woods,  it  lias  been  ascer- 
tained that  hemlock  and  beech  are  much  more  refractory  than  pine, 
principally  early  in  the  season;  that  white  and  burr  oak  should  not  be 
Burnettized,  but  that  black  oak,  red  oak  and  water  oak  take  the  treat- 
ment very  well,  and  will  outlast  Colorado  pine.  Cedar  is  hardened  by 
the  process,  but  not  enough  to  pay  for  the  cost  of  injection.  Tamarack, 
like  spruce,  is  an  uncertain  and  variable  wood.  Some  ties  cut  at  the 
same  time,  from  the  same  forest,  were  found  to  vary  as  2  is  to  1  in 
average  absorption.  This  was  attributed  to  the  varying  amoimt  of  resin 
in  various  trees,  and  after  many  experiments  it  was  learned  to  distin- 
guish this  difiference  by  the  eye,  but,  as  it  was  impracticable  to  sort  the 
trees  before  cutting  them  down,  the  injection  of  tamarack  was  finally 
abandoned  altogether. 

' '  There  were  also  great  differences  in  the  absorption  of  individual 
ties  of  the  same  age  and  same  species  of  wood.  In  extreme  cases  some 
will  take  eight  times  as  much  as  their  neighbors,  and  it  becomes  a 
serious  problem  how  to  regulate  the  injection.  It  will  not  do  to  treat 
all  kinds  of  wood  alike,  and,  when  a  new  species  comes  to  the  works, 
many  experiments  have  to  be  tried  before  it  is  known  how  it  is  best  to 
deal  with  it. 

"The  oijerations  of  the  works  are,  of  course,  controlled  by  an 
elaborate  system  of  measurements  and  accounts,  so  that  it  is  known 
accurately  how  much  of  the  antiseptics  are  absorbed  by  each  run  of, 
say,  400  ties,  but  it  is  not  known  how  much  each  individual  tie  has 
taken,  save  in  special  experiments.  Changes  are  in  contemplation  to 
circumscribe  this  uncertainty,  and  in  this,  as  well  as  in  other  details, 
we  shall  have  to  profit  by  the  experience  of  the  Europeans,  who  have 
been  preserving  ties  for  about  50  years,  and  hkve  materially  improved 
upon  their  original  methods." 

In  examining  the  records  of  tie  treatments  it  is  necessary  to  rec- 
ognize the  fact  that  the  life  of  the  exceptional  tie,  whether  long  or 
short,  is  of  no  value,  except  as  a  curiosity,  and  as  containing  a  possible 
lesson  in  detail.  As  an  instance,  a  tie  was  exhibited  in  the  Paris  Ex- 
position of  1889  which  had  lasted  46  years  in  the  track  of  one  of  the 
Erench  railways.  It  had  been  prepared  by  the  sulphate  of  copper 
(Boucherie)  process,  but  nevertheless  this  process  has  been  generally 
abandoned  in  favor  of  others.  So  far  as  the  value  of  a  treatment  itself 
is  concerned,  such  records  of  individual  ties  may  be  worse  than  use- 
less, leading  to  an  expectation  of  length  of  life  which  cannot  be 
attained  by  the  average,  or  discouraging  the  investigator  without 
reason.  The  valuable  thing  is  the  average  durability,  and  by  this  only 
can  anv  results  of  real  value  be  obtained. 
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The  author  has  been  impressed,  while  reading  the  statements  of  10 
years  ago,  with  the  fact  that  the  advocates  of  preservative  methods 
claimed  too  much.  The  life  of  treated  ties  was  unhesitatingly  put  at 
15  years,  a  limit  which  the  occasional  tie  has  reached,  and  which  in- 
deed, under  favorable  circumstances,  the  foregoing  records  show  to  have 
been  reached  by  a  considerable  number  of  ties,  and  to  which,  with 
future  treatment,  as  the  operators  become  more  skilful  in  the  selection 
of  material  and  its  application,  perhaps  the  average  life  may  approach. 
The  record  of  commercial  use  in  the  United  States  has  failed  to  reach 
any  such  period,  and  it  is  entirely  unnecessary  that  it  should,  to  make 
the  treatment  desirable  and  economical. 

The  author  believes  his  investigation  has  demonstrated  that  the 
cheaper  woods,  hitherto  unused,  are  made  fully  as  durable  or  more  dur- 
able than  white  and  burr  oak,  by  Burnettizing;  and  this  fact  is  suffi- 
cient to  make  the  adoption  of  the  treatment  desirable  for  many  roads, 
if  indeed  it  may  not  be  said  for  American  roads  generally. 

One  point  this  inquiry  has  not  solved  is  the  relative  advantages  of 
the  zinc-tannin  or  Wellhouse  process,  and  the  old  method  of  Burnet- 
tizing, using  nothing  but  the  zinc  chloride.  This  hinges  upon  two 
points:  The  solubility  of  the  chloride  when  deposited  in  the  wood,  and 
the  efficiency  of  the  chemical  action  between  the  glue  and  the  tanniij, 
required  to  form  the  particles  of  leather  which  are  supposed  to  plug 
up  the  ducts.  As  to  the  first,  there  is  general  evidence  that  part  of 
the  chloride  can  be  washed  out  of  the  timber,  although  it  is  not  easily 
done.  Mr.  J.  D.  Isaacs,  of  the  Maintenance  of  Way  Department  of 
the  Southern  Pacific  Company,  in  a  paper*  states: 

"  The  author  thinks  this  objection  is  greatly  exaggerated.  He  has 
attempted  to  leach  this  chloride  out  of  timber  with  running  water, 
but  could  extract  only  an  insignificant  proportion,  even  when  the 
timber  was  in  fine  shavings.  All  the  chloride  could  not  be  taken  out 
of  chips  from  treated  timber  by  boiling  in  repeated  changes  of  water. 
If  leaching  takes  place,  it  is  certainly  very  slowly." 

The  above  applies  to  wood  treated  with  the  chloride  only.  Unfor- 
tunately, this  railroad  was  unable  to  furnish  any  chemical  analyses  of 
treated  timber  which  had  been  in  service  for  a  number  of  years.  That 
the  chloride  is  gradually  leached  out  of  material  treated  by  the  zinc- 
tannin  process  is  i3robably  true.  A  number  of  analyses  of  timber 
after  years  of  exposure  shows  considerably  smaller  quantities  of  zinc 
*  Thirteenth  Report  of  the  California  State  Mineralogist,  1896. 
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than  it  is  believed  they  originally  contained.  One  such  instance  has 
been  given  in  connection  with  the  Union  Pacific  ties,  where  only  about 
one-fourth  as  much  of  the  chloride  was  found  as  was  generally 
injected.  The  evidence  at  hand  would  be  absolutely  conclusive  if  it 
were  possible  to  know  how  much  the  ties  which  were  analyzed  con- 
tained originally;  but  this  is  not  the  case,  as  the  amount  of  absorption 
of  a  retort  full  of  ties  is  as  near  an  individual  record  as  it  is  now  pos- 
sible to  go;  and  it  is  possible  that  the  tie  analyzed  might  have  been  one 
which  was  refractory  and  took  very  little  when  treated.  If  such  had  been 
the  ease,  however,  the  tie  would  probably  have  been  of  short  life;  and 
it  is  safe  to  conclude  that  after  a  certain  number  of  years,  depending 
upon  the  rainfall  and  the  eflSciency  of  the  track  drainage,  the  amount 
of  chloride  remaining  in  a  tie  will  be  so  reduced  as  to  be  of  no 
further  value,  whether  the  treatment  be  with  zinc  alone  or  in  com- 
bination with  the  glue  and  tannin. 

If  the  claims  for  the  formation  of  the  artificial  leather  by  the 
tannin  treatment  are  correct,  and  it  is  understood  that  this  is  verified  by 
microscopic  examination,  it  is  probable  that  the  leaching  is  delayed. 
That  the  treatment  does  not  jn-event  the  jjassage  of  moisture  into  the 
wood  is  evidenced  by  the  rapidity  with  which  the  treated  timber  sea- 
sons, as  well  as  by  the  loss  of  the  zinc  shown  by  the  analyses.  The 
results  in  future  on  the  Atchison,  Topeka  and  Santa  Fe  Railroad  may 
determine  the  relative  advantages  of  these  two  systems,  as  there  are 
large  numbers  of  ties  now  in  use  there  treated  by  each.  To  insure  the 
greatest  success  by  either,  however,  it  is  believed  that  the  injection  of 
large  amounts  of  chloride  must  be  practiced,  and,  generally,  this  can 
be  done  only  by  using  timber  at  least  partly  seasoned ;  and  the  sub- 
sequent partial  seasoning  before  being  placed  in  track. 

Granting  that  certain  woods  may  take  the  antisei^tic  in  suflicient 
quantities  even  if  treated  green,  so  that  it  may  not  be  accurate  to  say 
that  it  is  necessary  to  good  work  that  at  least  j^artly  seasoned  wood 
should  be  treated,  there  are  certain  other  conditions  which  can  be 
said  to  be  essential  to  good  work.  These  are  pure  zinc,  pure  acid, 
the  absence  of  any  free  acid  in  the  chloride  solution,  the  use  of  a  heat 
not  exceeding  250-  in  the  retorts,  and  sound,  live  timber  to  operate 
on.  To  treat  dead  or  dozy  wood  is  to  waste  time  and  chemicals. 
Chloride  of  zinc  apparently  has  no  power  to  stop  decay  which  has 
already  begun,  and  it  is  doubtful  if  any  treatment  is  better  in  that 
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respect.  To  tliese  may  be  added  faithfulness  and  integrity  of  a  high 
order  on  the  part  of  tliose  operating  the  works. 

The  output  and  profits  of  a  plant  can  be  very  largely  increased  by 
the  lack  of  the  last,  and  the  results  of  such  lack  will  not  be  apparent 
until  years  afterward. 

To  make  the  later  identification  of  the  ties  certain,  so  that  the  life 
realized  can  be  determined,  it  is  believed  that  nothing  will  j)rove  as  satis- 
factory as  the  use  of  dating  nails,  which  are  nails  with  large  heads  in 
which  is  stamped  the  current  year,  and  which  are  driven  in  the  center 
of  the  top  surface  of  the  tie  when  laid.  The  cost  of  such  nails  is  but 
small,  and  they  are  more  accessible  and  certain  than  any  substitute. 

FoKEiGN  Practice. 

The  author  regrets  that  he  cannot  furnish  very  much  on  the  foreign 
practice  of  recent  date.  In  France  and  Great  Britain,  the  creosote 
process  is  used  almost  exclusively.  The  Burnettized  timber  was  ap- 
parently not  satisfactory.  Creosote  is  comparatively  cheap,  and  the 
increased  life  of  ties  so  treated  is  considered  as  worth  the  additional 
cost  over  Burnettized  ones. 

The  roads  in  the  German  Eailroad  Union,  however,  use  very  gen- 
erally, either  zinc  chloride  or  a  combination  of  the  chloride  and  creo- 
sote, as  well  as  creosote  alone.  Impregnation  with  the  chloride  alone 
has  decreased  while  that  with  the  mixture  of  chloride  and  creosote  has 
largely  increased.  Beginning  in  1895  all  the  pine  ties  used  on  the 
Prussian  State  railroads  were  treated  by  the  zinc  creosote  process.  This 
consists  of  the  injection  of  the  same  amount  of  zinc  chloride,  with  which 
is  mixed  creosote,  in  the  amount  of  IJ  lbs.  to  the  cubic  foot  of  timber; 
the  mixing  being  done  by  a  peculiar  process.  It  is  claimed  that  the 
results  of  this  treatment  are  much  superior  to  those  with  zinc  chloride 
alone.  In  1885,  the  Euetgers  Works  fiirnished  one  road  with  171  OflO 
pine  ties  treated  with  zinc  creosote,  on  a  9-year  guarantee.  In  1894, 
at  the  end  of  the  9  years,  only  twenty-nine  had  become  unfit  for  use 
and  none  of  these  was  rotten.  Mr.  Chanute  is  about  to  go  to  Ger- 
many to  investigate  this  process,  and  it  is  hoped  that  he  may  be  able 
to  contribute  the  necessary  data  to  the  discussion  of  this  jDaper,  so 
that  the  value  of  the  treatment  may  be  determined.  The  additional 
cost  over  the  regular  Burnettizing  process  varies  with  the  price  of 
creosote,  but  is  about  4  cents  per  tie.  The  zinc-tannin  process  has 
never  been  used  outside  of  the  United  States. 
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The  Ruetgers  Works  treat  ties  by  Bumettizing  on  the  following  speci- 
fications: The  solution  of  zinc  chloride  is  to  be  3°  Beanme  strength 
at  a  temperature  of  14°  Reaumur.  Ties  and  timber  are  to  be  treated 
until  the  absorption  of  seasoned  timber  is  for 


Pine  wood . 
Oak  "  . 
Beech  " 


,19  lbs.  jjer  cubic  foot. 
.19 


"  If  the  amount  of  liquid  required  cannot  be  injected  in  the  manner 
prescribed  because  the  wood  is  too  green  or  is  exceptionally  dense, 
the  liquid  is  to  be  strengthened  in  such  a  manner  that  the  proper 
amount  of  water-free  chloride  of  zinc  is  taken  up  as  prescribed,  namely, 
that  to  be  contained  in  a  3°  Beaume  liquid. 

"  From  this  it  follows  that  when,  for  instance,  only  200  kilograms 
can  be  introduced  into  1  cu.  m.  of  pine  wood,  the  chloride  of  zinc 
bath  must  be  made  4.1°  Beaume." 

The  German  report  on  railroads  previously  referred  to  gives  cer- 
tain tables  from  which  the  following  are  obtained: 


TABLE  No.   11. — Costs  and   Results  of  Wood  Peesekving  foe  the 
Union  of  German  Raileoads  foe  1896. 


Cost  of 

crude 

tie. 

Treated  with  Chloeide  op 

Zmc. 

Treated  with  Tab  Oil- 
Creosoted. 

Kind 
of  tie. 

=1 

1 

Hi 
III 

L 

11 

1 

m 

N 

|| 

s 

M  a 

1 

m 

1^ 

Cts. 

Cts. 

cts. 

cts. 

Oak.... 

$1.49 

24.2 

13 

p.  63 

15 

10.8 

1 15.4 
i24.3 

21 
29 

$1.70 
1.78 

24 

28 

7.1 
6.3 

Beech.. 

1.01 

34 

15 

1.16 

9 

13.0 

(66 
179.2 

50 
59 

1.51 

1.60 

30 
34 

5.0 
4.7 

Pine.... 

0.84 

34 

16 

1.00 

13 

8.3 

150.6 
i79.2 

43 

57 

1.27 
l.-ll 

20 
23 

6.3 
6.1 

This  is  based  on  a  tie  63^  ins.  X  10  ins.  X  8  ft.  10  ins. 

From  Table  No.  12  it  will  be  seen  that  m  1896  about  60^  of  all  the 
wood  ties  in  the  tracks  was  impregnated  in  some  way;  and  that  all 
of  the  increase  in  number  of  ties  in  track  over  1894  was  in  the  treated 
ties.  Unfortunately,  it  is  impossible  to  determine  the  number  treated 
by  each  process  in  use  by  these  roads,  and  the  figures  are  of  value 
only  as  indicating  the  general  use  of  treated  timber  in  preference  to 
the  crude. 
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As  a  matter  of  interest,   a  line  is  added  showing  the  amount  of 
track  laid  with  metal  ties  or  sleepers. 

TABLE  No.  12. — Statistical  Report  of  the  Raileoads  of  the  Union 
OF  German  Railroad  Admintstrations  for  the  Fiscal  Years  1896, 
1895,  1894. 


Abstract  of  Wood  Ties,  Laid  in  Track. 


Designation 

of 

railroads. 


Grerman,  State  i 
and   private-; 


Luxemburg,  f  .op„ 
Netherlands]  }S° 
and  other  i  ]°f. 
Union  roads.  I   ^"^* 

Austria,  Hun-  i  1896 
gary  and-!  11895 
Bosnia  roads  (  11894 


Totals  of 


aU  \  '1^*5 
^"^  ;1895 
•■■•  {  11894 


Number  of  wood  ties. 


Oak.   Beech.  Larch.   Pine. 


28  279  084  3  248  882 

28  635  001 13  283  867 

353  375  3  132  261 


8  281  293 

31  533  486 
30  192  026 
29  286  099 

68  582  539 
67  108  320 
66  556  370 


5  406  009 
5  437  128 

5  797  985 


92  585 
91924 


4  066  135 
3  913  322 

3  581  179 

4  158  720 
4  005  246 
3  6»4  115 


36  947 
34  775 
32  241 


6  144 
6  056 

5  778 


43  633  184 
41  370  431 
38  571  512 


!  568  378 
!  786  427 


566  538 
200  509 
■  149  702 
<  598  942 
443  440 


127  817  448 
123  951  907 
120  473  751 


Of  the  ties  there 
are: 


'nXr  Crude. 


59  834  087 
57  626  304 
54  041  505 
1  718  815 
1  597  308 
1  552  809 
18  197  013 
17  755  877 
16  882  687 

79  749  915 

979  489 

72  477  001 


8  734  291 

9  160  123 

10  788  297 


6  360  733 
6  046  430 


27  843  065 
27  560  753 


22  805 

22  102 

20  868 

495 

497 

495 


44  417  867  23  704 

43  363  921  22  967 

44  395  480  21  858 


Cost  of  Treatment. 

It  is  not  proposed  to  enter  into  any  discussion  of  the  economy  of, 
or  the  savings  to  be  effected  by,  the  use  of  treated  ties.  This  is  some- 
thing which  will  vary  with  almost  every  road,  being  governed  by  the 
cost  of  white  oak  ties,  cost  of  the  inferior  tie  to  be  treated  and  location. 
It  has  been  attempted  to  determine  what  can  be  expected  from  the 
treatment  and  with  the  cost  thereof  given  below,  it  can  readily  be  be- 
termined  which  is  the  cheaper — a  white  oak  or  a  treated  tie,  and,  in  the 
author's  judgment,  that  is  what  the  question  resolves  itself  into. 

Apparently  the  evidence  is  conclusive  that  a  treated  tie  is  superior 
to  a  white  oak;  but,  if  only  equal  to  it,  on  the  basis  of  cost  in  most 
locations  the  treated  tie  will  prove  the  more  desirable. 

The  cost  of  Burnettizing  sawed  pine  ties  6  ins.  x  8  ins.  x  8  ft.  on  the 
Southern  Pacific  Railroad  in  1893,  was  about  10  cents  each:  while  in  1897 
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it  was  a  little  over  6  cents.  This  includes  nothing  for  interest  on  the 
investment,  or  depreciation;  however  it  is  for  a  very  small  tie,  con- 
taining only  2|  on.  ft. ;  and  for  an  amount  of  zinc  chloride  only  about 
one-half  that  required  by  the  German  practice.  On  the  basis  of  the 
cost  in  1897  (which  amounts  to  2}  cents  per  cubic  foot),  the  use  of  the 
standard  German  quantity  to  be  injected  and  a  hewn  tie  of  3^  cu.  ft., 
this  cost  would  be  about  12  cents  per  tie,  or  4^  cents  per  cubic  foot, 
including  nothing  for  interest  or  depreciation. 

On  the  Atchison,  Topeka  and  Santa  Fe  Railroad  the  cost  of  the  zinc- 
tannin  treatment,  when  the  works  were  first  built,  was  about  15 
cents;  in  1892  it  was  about  14  cents  and  13  cents  for  Burnettizing  (zinc 
chloride  only).  In  1897  the  cost  (zinc-tannin)  was  rejjorted  as  11.6 
cents;  no  interest  or  depreciation  being  inclixded.  It  is  understood 
that  the  charge  made  by  the  Chicago  Tie  Preserving  Company  is  from 
16  to  20  cents  for  the  zinc-tannin  treatment,  covering,  of  course,  in- 
terest and  depreciation  as  well  as  profit. 

The  contract  prices  in  Germany  for  Burnettizing  are:  For  pine  and 
beech,  5  cents  per  cubic  foot,  and  for  oak,  4  cents;  for  treating  with  zinc- 
creosote,  6  cents  for  beech  and  pine,  and  5  cents  for  oak;  for  creosot- 
ing,  15  cents  for  beech  and  pine,  and  9  cents  for  oak.  In  creosoting, 
the  amount  of  creosote  per  cubic  foot  is  12  lbs.  for  pine,  15  lbs.  for 
beech,  and  4^  lbs.  for  oak.  It  is  understood  that  the  oak  referred  to 
corresponds  to  American  white  oak  and  not  to  the  American  red  and 
black  oaks,  which  will  absorb  as  much  as  either  pine  or  beech. 
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DISCUSSION. 


OscAE  LowiNsoN,  Jun.  Am.  Soc.  C.  E. — There  is  no  question  of  Mr.  Lowlnson, 
greater  importance  to  the  engineer  using  wood,  under  conditions 
subject  to  decay,  than  that  of  the  preservation  of  timber.  A  technical 
knowledge  of  the  composition  of  the  timber,  of  the  chemical  and 
mechanical  conditions  to  be  met,  of  the  effects  of  moisture  and  frost, 
of  wear  and  tear,  of  the  jiixtaposition  of  other  materials,  such  as  iron, 
steel  or  zinc  against  wood,  of  the  resistance  of  the  material  to  trans- 
verse crushing,  rust  or  rot,  and  the  relative  cost  of  theojieration,  etc., 
is  requisite  for  a  satisfactory  answer  as  to  whether  any  method,  or 
which  method,  is  advisable  for  the  preservation  of  timber. 

Owing  to  the  great  expense  and  trouble  of  making  continual 
physical  and  chemical  analyses,  the  almost  impossibility  of  exami- 
nation after  application,  the  long  period  of  time  required  to  determine 
the  success  of  a  method,  and  the  necessity  of  having  i^erfect  confidence 
in  the  integrity  of  those  who  supply  the  materials  and  apply  them, 
the  use  of  some  method  of  presei-vation  of  timber  is,  and  for  years 
will  be,  only  on  works  where  methods  of  investigation  are  carried  out 
with  care,  or  where  the  user  places  perfect  confidence  in  the  integrity 
and  knowledge  of  the  parties  applying  the  jDrocess.  Failure  is  due 
to  ignorance  and  corrupt  practice  as  much  as  to  fundamental  error  of 
theory. 

As  the  author  states,  there  has  been  practically  no  English  and 
little  German  literature  on  the  subject  of  value,  since  the  report  of 
the  Committee  of  this  Society  in  1885.  Such  knowledge  as  has  been 
obtained  is  in  the  note  books  of  the  chemists  and  engineers  who  have 
investigated  the  question.  The  various  methods  of  application  of 
preservative  processes  have  had  an  almost  uniform  experience.  "  The 
history  of  engineering  is  strewn  with  wrecks  of  numerous  methods 
which  promised  much,"  but,  under  conditions  of-  experience,  per- 
formed little.  Very  nearly  every  large  railroad  in  the  United  States 
has  at  one  time  or  another  experimented  in  this  line,  and  many  have 
ultimately  given  up,  either  because  of  the  poor  results  of  the  exjieri- 
ment,  or  for  reasons  beyond  the  control  of  their  engineers  or  chemists. 
There  has  been  practically  no  advance  in  this  department  of  applied 
science. 

"The  substances  which  thus  far  have  given  the  best  results  are 
the  application  of  chloride  of  zinc,  the  bichloride  of  mercury  and  the 
products  resulting  from  the  destructive  distillation  of  coal  tar"  (used 
in  creosoting). 

The  literature  of  Preservation  ably  discusses  these  processes  as 
applied  previoiis  to  the  time  of  the  above-mentioned  report.  A  care- 
ful reading  of  the  author's  paper  will  show  practically  all  the  defects 
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and  objections  to  the  first  and  second  processes.  It  will  only  be 
necessary  here  to  add  the  practical  difficulties  which  have  hitherto 
prevented  the  more  general  application  of  these  processes. 

Pkacticaii  Considekations  Apfecting  the  Adoption  or  Preseevative 
Pkocesses. 

1.  The  Consmner. — In  the  everyday  life  of  railroad  maintenance 
the  "powers  that  be"  are  appointed  in  most  cases  because  of  their 
ability  to  give  their  road  a  good  showing  on  the  stock  market.  The 
necessity  of  showing  at  all  times  a  maximum  excess  of  receipts  over 
expenditures  generally  influences  these  representatives  of  the  stock- 
holders to  object  to  the  added  expense  of  a  plant,  or  the  added  cost 
of  preserving  the  timber,  which  miast  thereby  be  entailed  for  the 
period  of  years  until  the  entire  track  has  been  j^laced  in  good  con- 
dition; even  on  the  assumption  that  the  process  will  be  a  success.  It 
is  assuming  that  an  official  would  not  be  true  to  the  trust  held  if  he 
should  increase  the  expense  of  maintenance  for  a  single  year  and 
thereby  depreciate  the  earning  power  of  the  invested  capital,  even 
though  he  might  be  certain  of  ultimate  saving  in  annual  outlay; 
because  of  the  very  condition,  viz.,  the  property  is  a  marketable  one, 
and  the  only  practical  method  of  conducting  the  work  is  to  make 
only  such  repairs  as  are  absolutely  necessary  to  prevent  its  ruin.  The 
results  of  this  process  are  seen  in  many  large  railroads.  The  only 
time  of  actual  outlay  is  at  the  time  of  reorganization,  or  when  the 
road  passes  into  the  hands  of  a  receiver  to  whom  the  ultimate  preser- 
vation of  the  property  is  of  more  importance  than  the  question  of 
temporary  value  of  stock.  In  other  words,  "it  is  the  duty  of  the 
official  to  run  the  road  on  a  poverty  basis  even  though  at  much 
greater  ultimate  expense." 

2.  The  Process.— Besides  those  described,  the  creosote  processes 
are  the  only  others  with  which  satisfactory  results  have  been  obtained. 
Eeferring  to  the  report  of  the  Committee  of  this  Society,  the  state- 
ment, that  creosoting  is  the  most  perfect  method  of  preserving 
timber,  still  holds  true.  Since  the  publication  of  that  report,  and  as 
the  result  of  the  investigations  by  the  German  Governments  on  their 
railroads,  the  attention  of  scientists  has  been  devoted  to  the  produc- 
tion of  creosote  and  other  products  in  such  combinations  as  to  be 
applicable  without  the  exj^ense  of  a  jjlant  for  impregnation  under 
jDressure.  The  present  commercial  standing  of  the  creosote  process 
itself  is  also  unsatisfactory  because  of  its  unsuccessful  application  in 
many  cases,  due  either  to  insufficient  impregnation  or  to  the  use  of  an 
inferior  material.  It  may  not  be  improper  in  this  discussion  to  state 
the  kind  of  creosote  to  be  used  and  its  composition. 

In  the  first  place,  the  creosote  to  be  used  is  what  is  commercially 
known  as  coal-tar  creosote.     It  is  one  of  the  many  products  derived 
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from  the  destructive  distillation  of  coal-tar.  From  this  are  derived  Mr.  Lowinson. 
products  covering  almost  the  entire  range  of  human  application. 
Among  these  may  be  mentioned  all  the  aniline  colors,  the  various 
perfumes,  essences  and  flavoring  extracts,  high-power  explosives, 
medicine?,  fertilizers,  saccharines,  photograph  developers,  benzines, 
ammonias,  antiseptics,  lamp  black,  lubricating  oils,  varnish,  creosote, 
shellac,  cresylic  acid  and  other  wood-preserving  chemicals,  etc. 
Besides  this  material,  there  is  a  wood  creosote,  derived  from  the 
destructive  distillation  of  pine,  of  which  more  will  be  said  later. 

The  creosote  must  be  a  heavy  dead  oil,  of  the  best  quality,  free 
from  tar  and  other  impurities.  The  ease  of  adtilteration  of  this 
product  by  a  mixture  with  naphtha,  and  the  difficulty  of  detecting 
such  adulteration  without  continued  analyses  of  the  material,  are  the 
probable  causes  of  failure  in  most  attempts  where  it  was  assumed  that 
the  genuine  product  was  used.  So  extensively  is  the  adulteration 
carried  on  that  few  engineers  have  confidence  in  the  process  because 
of  their  inability  to  secure  this  product.  It  is  the  cost  of  this  creosote 
that  prevents  its  practical  application.  It  is  necessary  to  know  the 
constituents  of  the  coal-tar  product,  and,  at  the  present  time,  com- 
mercial reasons  require  that  it  be  brought  from  Europe.  Its  composi- 
tion depends  upon  the  conditions  of  its  manufacture.  It  must  be 
dense,  and  have  a  specific  gravity  varying  from  1.05  to  1.20.  It  must 
distil  at  a  temperature  of  not  less  than  425°,  and  must  be  rich  in  its 
princijjal  ingredients,  naphthaline  (Cjo  H«)  and  anthracene  {C^  Hjo). 

The  method  of  impregnation,  when  done  by  outside  contractors,  is 
such  as  frequently  prevents  the  inspector  from  knowing  whether  the 
proper  material  is  really  being  injected.  It  is  not  the  speaker's  inten- 
tion to  question  the  integrity  of  any  plant,  but  the  experience  of  many 
engineers  has  been  that  deception  has  been  practiced  here  to  such  an 
extent  as  either  to  drive  out  of  competition  many  reputable  concerns,  or 
to  so  discourage  the  user  as  to  cause  him  to  despair  of  success.  Not 
only  is  this  true,  but  the  chemical  analysis  of  the  material  under 
insjjection  is  a  difficult  process.  These  objections  are  applicable  to  all 
processes  of  impregnation.  Properly  executed,  however,  the  results 
are  gratifying  to  the  engineer. 

The  New  York  Division  of  the  Erie  Railroad,  10  years  ago,  had  ties 
Burnettized,  and  whereas,  untreated,  their  average  life  was  8  years, 
most  of  these  treated  ties  had  to  be  replaced  within  6  years.  The  zinc- 
tannin  process,  with  the  addition  of  glue,  appeals  to  the  thoughtfixl 
engineer  as  meeting  most  of  the  conditions  required  for  a  preservative. 

3.  The  M<iterl<il. — The  speaker  would  ask  the  author  what  the  depth 
of  penetration  is  and  what  method,  if  any,  has  been  adopted  for  the 
protection  of  the  tie  when  cut  or  bruised  so  as  to  admit  water  and 
frost;  also  the  effect  of  checking  and  the  effect  on  seasoning  of  timber. 

The  speaker  does  not  agree  with  the  author  that  the  transverse 
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Mr.  LowinsoD.  Crushing  is  a  negligible  quality.  A  series  of  tests  made  by  the  speaker* 
on  the  transverse  crushing  strength  of  timber  gave  the  following  ulti- 
mate values:  For  seasoned  white  pine,  550;  yellow  pine,  774;  and  oak, 
1  200  lbs.  jjer  square  inch. 

In  an  interesting  report  on  the  "Strength  of  Bridge  and  Trestle 
Timbers  "  by  a  committee  of  the  Association  of  Railway  Superintend- 
ents of  Bridges  and  Buildings,  of  which  Walter  G.  Berg,  M.  Am.  Soc. 
C.  E. ,  was  chairman,  October,  1895,  in  regard  to  transverse  strength, 
the  Committee  reported  and  recommended  as  the  average  safe  com- 
jaressive  strength  across  the  grain : 

Southern  yellow  pine. . 350  lbs.  per  square  inch. 

Chestnut  and  Norway  pine 250  "  " 

Spruce,  cypress  and  cedar 200  "  " 

Oak ' 500 

The  stresses  to  which  a  tie  is  subject,  and  which  in  turn  contribute 
to  its  destruction,  either  through  mechanical  force  or  decay,  are  the 
transverse  crushing  resistance,  torsion  due  to  track  moving  and  deflec- 
tion of  rails,  the  shock  due  to  hammering  by  the  live  load  as  trans- 
mitted through  the  rail,  and  the  elements.  The  results  of  the  speaker's 
investigations  have  led  him  to  recommend  the  adoption  of  a  tie-plate 
between  the  rail  and  the  tie  whenever  a  preservative  process  is  to  be 
applied  in  any  tie  other  than  oak,  for  the  very  reason  that,  although 
the  treatment  for  preservation  will  aid  in  lengthening  the  life  of  a  tie,  the 
decay  is  only  one  of  the  causes  of  destruction;  and  protection  must  be 
sought  in  every  possible  way.  When  it  is  seen  that  the  safe  transverse 
crushing  strength,  for  instance,  is  only  250  lbs.  per  square  inch,  even 
allowing  for  alleviation  due  to  stiffness  of  the  rail,  the  speaker  would 
xirge  as  an  additional  improvement  that  the  tie-jalate  be  used. 

In  regard  to  cutting  treated  timber,  although  not  so  often  met  with 
in  railroad  ties  as  on  street  railroad  or  dock  work,  the  speaker  fears 
that  it  is  not  practicable  to  treat  the  timber  in  the  way  stated  unless 
there  be  some  arrangement  for  treating  the  exposed  surfaces. 

In  the  case  of  creosoted  timber,  the  speaker  has  seen  both  the  hot 
and  cold  dead  oil  of  creosote  applied  with  a  brush.  A  street  railroad 
in  New  York  City  is  using  a  6  x  6-in.  "creosoted"  yellow  pine 
stringer  under  its  heavy  rails,  supported  on  the  yokes  about  5  ft.  apart 
on  centers,  and  in  a  large  number  of  cases  it  is  fou.nd  necessary  to 
notch  the  stringers  at  the  yokes.  The  speaker  is  not  aware  that  the 
notched  portions  are  undergoing  any  treatment,  but  whether  or  not 
because  of  this  the  creosoting  to  which  they  have  been  subjected  will 
increase  the  life  of  the  timber,  time  alone  can  tell. 

Liquid  Preservatives. — The  necessity  which  has  arisen  in  European 
countries  for  treating  timber  has  brought  about  a  considerable  amount 
*  The  Engineering  Record,  December  12th,  1896. 
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of   experimenting   in    order    to   find    a   substitute   for   the   expensive  Mr.  Lowinson. 
method  of  creosoting.     There  are  two  reasons  for  the  great  cost  of 
treating  by  creosote.     These  are: 

First. — The  high  melting  point  of  the  naphthaline  (175^  Fahr.)  and 
the  anthracene  (210°  Fahr.),  which  are  the  principal  preservative 
chemicals  of  creosote. 

Second.  — The  necessity  of  a  pressure  process  to  complete  the 
impregnation. 

There  are  now  on  the  market  in  Europe  at  least  two  materials  by 
the  use  of  which  it  is  claimed  that  these  objections  are  done  away  with. 
Whether  the  statements  of  the  manufacturers  are  true  or  not,  the 
sjjeaker  is  not  yet  prepared  to  state.  He  certainly  would  recommend 
the  most  exhaustive  examination  before  adopting  them.  In  one  case 
it  is  claimed  that  by  the  addition  of  zinc  chloride  to  the  creosote  (a 
combination  of  Burnettizing  and  creosoting),  before  the  completion  of 
the  process  of  distillation,  the  chloride  combines  with  the  naphthaline 
(CiQ  Hg),  to  form  yellow  heavy  oils,  dichloride  of  naphthaline 
(C,o  H|;  CI,)  and  chloride  naphthaline  (C],,  H^  01);  and  the  anthracene 
(Cij  H||,)  is  converted  into  dichloride-authracene  (C14  H.  CL)  and 
chloride  of  anthracene  (0,4  H,,  CI),  which  at  temperatures  of  100°  to 
200°  Fahr.  possess  great  viscosity  and  consequent  penetrating  power. 
The  speaker  has  seen  some  remarkable  experiments  as  to  the  penetrat- 
ing power  of  this  material. 

Wood  Creosote. — Wood  creosote  is  a  material  obtained  from  the 
destructive  distillation  of  pine.  Its  vital  principle  is  paraffine  as  dis- 
tinguished from  the  naphthaline  and  anthracene  of  the  coal-tar  creo- 
sote. A  large  number  of  so-called  preservatives  consist  of  this  mate- 
rial, either  by  itself  or  in  combination  with  other  materials.  It  is  not 
looked  upon  favorably  as  a  preservative,  because  of  its  unstable  com- 
position and  its  solubility.  The  much-advertised  creosote  and  other 
paints  and  shingle  stains  have  this  material  for  a  basis.  It  is  the 
sjaeaker's  opinion,  however,  that  the  addition  of  a  jjarafiine  to  a  paint 
adds  nothing  to  its  preserving  power. 

H.  S.  Haines,  M.  Am.  Soc.  C.  E. — By  far  the  largest  part  of  the  Mr.  Haines, 
cost  of  operation  of  a  railroad  is  devoted  to  wages  and  salaries,  but  if 
the  part  devoted  to  supplies  be  examined  it  will  be  found  that  the 
principal  expense  is  absorbed  in  two  items,  fuel  and  timber.  When 
the  amount  of  ingenuity  and  time  which  has  been  devoted  to  devising 
means  and  methods  for  diminishing  the  cost  of  fuel  per  mile  run  is 
considered,  and  how  little  ingenuity  has  been  devoted  to  endeavoring 
to  extend  the  life  of  timber,  it  is  evident  that  the  two  items  are  not 
held  in  proper  proportion.  There  is  hardly  any  subject  which  can  come 
before  this  Society  which  has  more  economic  value  than  the  preserva- 
tion of  timber;  and  therefore  the  sjjeaker  has  examined  this  paper  with 
interest  to  see  what  could  be  leai'ned  with  reference  to  the  general 
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Mr.  Haines,  question  of  tlie  i^reservation  of  timber,  but  confesses  to  a  good  deal  of 
disappointment  in  finding  that  substantially  no  advance  in  knowledge 
on  this  subject  has  been  made  since  the  Committee  of  this  Society 
made  a  report  on  the  subject  in  1885.  The  conclusion  of  that 
Committee  was  substantially  that  "  creosoting  was  the  most  perfect 
process  to  use,  but  in  view  of  the  expense  it  may  be  preferable  to  use 
a  cheaper  process.  "With  our  present  knowledge  we  believe  the  zinc- 
chloride  process  is  the  advisable  one  to  use  for  ties  in  this  country. " 

By  reading  this  jaaper  throiigh  it  will  be  found  that  in  the  year 
1899  we  are  no  farther  ahead,  and  know  no  more  than  in  1885.  In 
fact,  it  is  a  still  further  disapjiointment  to  see  that  this  paper,  which 
has  been  prepared  apparently  with  a  great  deal  of  care,  the  author 
having  endeavored  to  gather  all  the  information  he  could  find  on  the 
subject,  presents  so  little.  It  is  all  impressions,  traditions  and 
legends,  with  scarcely  any  substantial  facts,  except  in  reference  to 
what  Mr.  Kruttschnitt  has  done.  The  speaker  knows  that  Mr.  Krutt- 
schnitt  is  very  reliable  in  all  his  statements,  but  unfortimately  his 
statements  only  cover  the  period  from  1894  to  the  present  time. 

In  a  mile  of  track  there  are  about  2  600  cross-ties,  costing,  in  the 
track,  nearly  50  cents  apiece,  and  their  average  life  is  about  five 
years,  which  represents  about  ^230  per  mile  per  annum.  If  the  life  of 
these  ties  could  be  extended,  doubled,  for  instance,  the  value  of  any 
process  which  woiild  accomi^lish  this  can  readily  be  seen. 

Keference  is  made  to  what  has  been  done  in  Europe,  where  certainly 
a  great  deal  more  attention  has  been  jsaid  to  the  preservation  of  timber 
than  in  America.  The  speaker's  experience  has  been  only  with 
creosote,  but  extends  over  many  years.  Probably  no  one  m  this 
Society  has  had  more  extended  experience  in  the  use  of  creosote  for 
timber  on  railroads  than  the  speaker,  and  his  conclusions  are  the  same 
as  those  of  the  Committee,  that  it  is  today  the  most  perfect  process 
which  can  be  used.  The  best  evidence  of  the  truth  of  this  statement  is 
that  abroad,  where  the  zinc-chloride  and  also  the  creosote  treatment 
have  been  used  for  many  years,  they  have  come  back  jiartially  to  creo- 
sote; that  is,  they  are  using  zinc  chloride  and  creosote  in  combination, 
apparently  with  the  view  of  getting  a  cheap  substitute  for  the  latter. 

As  to  the  iTse  of  creosote  itself,  of  course  every  one  has  had  disap- 
pointments. The  speaker  has  had  some  very  bitter  ones.  Mr. 
Lowinson  is  right  in  saying  that  if  the  creosote  contains  certain 
constituents,  jDarticularly  naphthaline,  and  if  it  is  used  in  certain 
ways,  the  result  will  be  just  as  certain  as  anything  known  in  our 
present  experience  of  treating  timber.  There  is  not  any  doubt  of  it. 
But  the  so-called  wood  creosote  is  a  fraud,  nothing  else,  and  any 
substance  that  is  soluble  in  water  is  useless  for  the  preservation  of 
timber,  just  as  anything  that  is  proposed  to  be  superficial  in  its  appli- 
cation is  of  but  little  value,  for  the  reason  that  wherever  a  notch  is  cut 
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in  a  piece  of  timber  a  surface  is  exposed  to  decay,  and  generally  in  Mr.  Haines, 
some  vital  part  of  the  structure. 

This  paper  relates  to  zinc  chloride,  about  which  the  speaker  knows 
nothing;  but  if  the  subject  of  the  preservation  of  timber  could  be 
discussed  thoroughly  and  properly  and  with  special  reference  to  creo- 
sote as  a  standard,  then  conclusions  could  be  reached  which  would  be 
of  great  value,  not  only  to  railroad  companies,  but  in  every  other  depart- 
ment of  industry  where  timber  is  being  used;  and  for  that  reason  the 
speaker  wishes  that  the  Society  would  take  up  this  subject  again  with 
one  of  its  committees  and  bring  the  state  of  the  art  up  from  1885  to  the 
present  time,  as  it  should  be  brought,  in  an  authoritative  way. 

It  would  be  useless  to  discuss  creosote,  as  the  results  obtained  Avith 
that  substance  are  well  known  from  experience  in  England  and  in 
America.  The  preservation  of  timber  which  is  properly  creosoted  is 
almost  indefinite  if  the  proper  timber,  the  proper  substance  and  the 
proper  treatment  are  used.  But  this  is  a  question  of  a  cheaper  substi- 
tute, and  the  evidence  here  seems  to  be  that  all  the  cheap  substances 
have  been  failures,  except,  perhaps,  in  Mr.  Kriittschnitt's  experience 
since  1894,  and,  of  course,  5  years  is  too  short  a  time  in  which  to  judge 
of  the  results.  The  most  optimistic  statement  in  the  paper  is  that  the 
life  of  ties  is  12  years.  If  considerable  is  added  to  the  cost  of  the 
material  by  the  zinc-chloride  treatment,  and  if  then  there  is  some 
doubt  as  to  whether  the  life  of  the  tie  will  be  increased  to  9  or  12 
years,  when  the  untreated  timber  woiild  have  lasted  from  4  to  6,  a 
discussion  of  the  subject  has  not  much  practical  value. 

The  railroads  have  not  adopted  creosoted  ties  to  any  great  extent, 
because  the  usei-s  of  the  timber  listen  to  everybody  who  comes  along. 
Such  persons  have  all  sorts  of  quack  treatments  that  are  ostensibly 
a  good  deal  cheajjer  than  the  real,  substantial  creosote  treatment,  which 
is  an  expensive  one;  and  the  man  who  is  responsible  for  the  annual 
results  does  not  care  to  make  investments,  the  benefits  of  which  are  to 
be  extended  over  an  indefinite  series  of  years. 

The  speaker's  treatment  of  timber  was  not  so  much  with  a  view  to 
preservation  from  decay  as  to  preservation  from  the  teredo;  and  in 
preserving  wood  against  the  teredo,  of  course  a  great  part  of  it  was 
exjiosed  to  the  air  and  to  moisture,  in  a  very  hot  country  where  there 
is  much  rain.  In  that  way  the  speaker  learned  a  great  deal  about  the 
value  of  the  creosote  jsrocess.  In  order  that  the  creosoting  may  be 
successful  the  timber  and  the  creosote  must  be  of  the  right  kind  and 
must  be  subjected  to  the  right  kind  of  treatment. 

The  creosotes  are  all  hydrocarbons.  The  lighter  parts  of  so-called 
creosote  are  of  no  value,  simply  because  they  are  lighter  than  water, 
and  anything  that  is  lighter  than  water  is  soluble  therein;  but  a 
certain  proportion  of  these  lighter  parts  must  be  retained,  in  order  to 
keep  the  creosote  fluid,  so  that  it  can  be  used  under  pressure.     To  be 
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Mr.  Haines,  of  any  value  creosote  cannot  be  used  in  any  other  way  than  under 
pressure,  and  certain  conditions  must  be  complied  with.  The  wood 
must  be  taken  while  it  is  green,  and  the  sap  exhausted  while  the  ducts 
are  all  open.  The  creosote  must  be  put  in  under  a  suitable  pressure 
until  the  timber  weighs  a  sufficient  amount  per  foot.  Mr.  Lowinson 
has  said  very  j^roperly  that  a  great  deal  of  the  value  of  this  process 
depends  on  the  integrity  of  the  persons  who  conduct  it.  There  must 
be  some  means  of  inspecting  the  timber  when  it  is  used  and  of  knowing 
that  it  is  what  it  is  represented  to  be.  "With  creosote  it  is  entirely 
practicable  to  know  that  what  has  been  paid  for  has  been  obtained. 

The  speaker  wishes  to  call  attention  to  the  little  progress  that  has 
been  made  in  wood  preservation,  to  judge  from  this  pajjer,  since  1885, 
and,  further,  to  the  fact  that  the  subject  is  a  broader  one  than  the 
mere  treatment  of  cross-tie  timber  by  the  chloride  of  zinc  process ;  and 
it  is  to  be  hoped  that  this  Society  will  take  up  the  whole  subject  again 
and  bring  up  the  state  of  the  art  from  1885  to  the  present  time.  If 
that  can  be  done  the  author  will  have  accomplished  a  great  deal  by 
bringing  the  matter  to  the  attention  of  the  Society. 
Mr.  Boggs.  J.  I.  BoGGS,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  pajjer  is 
both  interesting  and  instructive.  In  the  year  1877  a  number  of  creo- 
soted  pole  pine  ties  were  put  in  along  the  line  of  the  Houston  and 
Texas  Central  Railroad.  During  the  years  1897  and  1898  the  writer 
had  charge  of  the  tracks  on  the  Northern  Divisiofl  of  this  line,  and  in 
the  course  of  his  duties  had  to  relay  about  ten  miles  of  steel,  a 
number  of  these  ties  being  in  the  portion  so  relaid.  They  were  exam- 
ined closely,  and  found  to  be  in  an  excellent  state  of  preservation 
after  twenty  years  of  service,  hardly  b%  of  the  total  number  being 
rejected  as  worn  out  and  useless.  The  most  serious  objection  to  them 
was  that  the  rail  cut  into  the  soft  wood.  This,  however,  can  be  en- 
tirely avoided  by  the  use  of  a  good,  substantial  tie-plate,  and  the 
writer  feels  no  hesitancy  in  saying  that  fully  80^'  of  the  original 
number  are  still  in  service. 

Various  kinds  of  ties  were  in  use  along  this  line  during  the  years 
intervening  between  1890  and  1899,  such  as  white  oak,  post  oak,  cedar, 
Bois  D'Arc,  creosoted  pole  pine  and  Biarnettized  sawed  pine  ties. 
These  latter  ties  were  small,  being  only  6  ins.  x  8  ins.  x  8  f  t. ,  and  the 
great  difficulty,  as  stated  by  Mr.  Mahl  in  his  report,  was  that  they 
shattered  badly  under  the  heavy  traffic  to  which  the  road  was  sub- 
jected. 

No  material  record  of  the  life  of  ties  was  kept  before  the  latter 
part  of  1897,  and  in  the  case  of  the  Burnettized  ties  the  personal 
observation  of  the  writer  was  such  as  to  lead  him  to  believe  that  fully 
half  the  ties  reported  as  rotten  by  the  section  foremen  were  shattered 
instead.  He  has  examined  the  wood  in  the  ties  that  had  splintered, 
and  the  original  timber  was  found  to  be  in  an  excellent  state  of  preser- 
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vation  in  a  number  of  cases,  although  it  was  broken  and  worthless.  Mr.  Boggs. 
The  writer  does  not  believe  that  the  solution  of  the  problem  will  be 
found  in  the  weakening  of  the  zinc  chloride,  but  in  the  adoption  of  a 
better  class  of  material  than  that  heretofore  used.  The  same  objec- 
tion applies  to  these  ties  as  was  stated  in  the  case  of  the  pole  pine, 
viz.,  that  the  rail  cuts  into  the  soft  wood  very  badly,  sometimes  as  much 
as  2  to  2 1  ins.  Six  years  is  about  the  best  life  that  could  be  obtained  on 
this  road,  those  placed  in  1891  being  practically  all  gone  in  1898;  but, 
as  before  stated,  the  reports  of  the  section  foremen  on  this  subject  are 
entirely  unreliable,  and  can  in  no  measure  be  depended  ujjon  as  to  the 
causes  for  removal. 

While  the  first  cost  of  the  creosoted  pole  pine  tie  is  much  greater 
than  the  Burnettized  tie,  a  few  years'  service  will  readily  demonstrate 
that  it  is  by  far  the  more  economical. 

B.  M.  Wagnek,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— During  1890  Mr.  Wagner, 
the  writer  visited  the  impregnating  plant  of  the  Swiss  Nord  Ost  Bahn 
and  jotted  down  the  following  notes  which  may  be  of  interest. 

Zinc  chloride  is  used.  The  plant  consists  of  two  cylinders,  each 
1.9  m.  in  diameter  and  14  m.  long;  mixing  tanks,  each  holding  about 
6  000  1.,  a  15-H.-P.  steam  plant  and  various  buildings.  This  plant 
is  said  to  have  cost  120  000  francs.  The  cross-ties  are  run  in  on  rail 
wagons,  shaped  to  conform  to  the  cylinders,  each  holding  about  forty 
cross- ties. 

One  hundred  liters  of  zinc  chloride,  containing  about  25%  of 
metallic  zinc  are  put  in  each  of  the  mixing  tanks  and  the  tanks  then 
filled  up  flush  with  water.  The  cost  of  impregnating  one  cross-tie  is 
stated  to  be  from  0.4.5  to  0.48  franc. 

The  plant  is  never  idle,  as  the  company  is  overrun  with  orders  from 
outsiders.  The  charge  is  10  francs  per  cubic  meter  [ot  wood  impreg- 
nated, while  the  cost,  including  interest  on  capital,  sinking  fund,  etc., 
is  only  4.80  to  5.20  francs  per  cubic  meter. 

The  quantity  of  zinc  chloride  used  per  cross-tie  is  as  follows : 

Oak,  8  kls. ;  larch,  15  kls. ;  beech,  20  kls.;  pine,  25  kls. 

The  life  of  ties  is  as  follows: 

Green.  Impregnated. 

Oak 15  vears.  20-25  vears. 

Larch 9-10  "^    "  15-17  "^    " 

Fir 7-8       "  12-14       " 

Pine 4-5       "  9-10       " 

Beech 2-3       "  10 

George  W.  Noyes,  Esq.  (by  letter). — There  are  several  items  which  Mr.  Noyes. 
the  author  has  dwelt  upon,  which  are  of  vital  importance  to  the  pro- 
cess. The  writer,  having  had  ten  years'  experience  in  the  operation  of 
the  Atchison,  Topeka  and  Santa  Fe  Eailroad  Company's  timber-treat- 
ing plant,  may  be  able  to  explain  more  fully  why  results  in  some  cases 
have  not  been  what  might  have  been  expected. 
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Mr.  Noyes.  While  it  is  tlie  intention  of  this  company  to  use  nothing  but  fall 
and  winter-cut  ties,  it  is  a  fact  that  many  thousand  summer-cut  ties, 
in  whicli  the  fungi  had  already  attacked  and  partly  destroyed  the 
fibers,  have  been  treated,  as  well  as  those  which  were  practically 
worthless  at  the  time  of  treatment.  It  is  the  habit  of  the  native  tie 
choppers  to  go  into  the  timber  in  the  fall  and  winter,  and  fell  a 
sufficient  number  of  trees  to  fill  their  sub-contracts,  making  the  ties 
later  on.  Many  of  these  trees  are  allowed  to  lie  from  one  to  two 
years  with  the  bark  on.  Then  they  are  made  into  ties,  brought  in 
and  received  as  first-class  and  treated,  when  they  were  really  worth- 
less, as  the  fungoid  life  had  already  destroyed  the  fibers  of  the  wood. 
To  these  two  classes  of  ties  can  be  attributed  a  large  isercentage  of 
the  tie  failures,  in  the  i^ast,  and  those  which  will  occur  for  some  time 
to  come,  as  it  was  only  last  season  that  the  writer  succeeded  in  stop- 
ping this  practice. 

The  proper  seasoning  of  timber,  both  before  and  after  treatment, 
is  of  the  utmost  importance.  To  this  can  be  attributed,  in  a  great 
measure,  the  success  of  the  1885  ties.  On  account  of  the  solubility 
of  the  zinc  salt,  it  is  necessary  that  all  the  water  injected  with  the 
chloride  be  evaporated  before  the  tie  is  inserted  in  the  track, 
otherwise  the  moisture  in  the  soil  at  once  begins  its  work  of  leach- 
ing out  the  zinc  salt,  and  the  artificial  leathery  pellicles  formed 
by  the  glue  and  tannin  are  of  no  benefit,  as  they  have  not  had 
time  to  dry  and  harden  sufficiently  to  off"er  any  resistance  to  outside 
moisture. 

The  qu.ality  of  the  zinc  chloride  has  much  to  do  with  the  success 
of  the  operation.  The  comj^any's  tirst  purchases  of  fused  chloride, 
from  1890  to  1895,  were  supposed  to  contain  from  3  to  5%  of  im- 
purities, mostly  moisture,  but  these  were,  in  fact,  much  greater. 
In  1894  some  chloride  was  found  to  contain  as  high  as  2.5j^  of 
iron,  and  its  effect  is  already  being  realized,  as  a  great  many  ties 
treated  in  this  year  are  entirely  gone  now.  From  1885  to  1890  there 
were  no  less  than  eight  diff'erent  persons  in  charge  of  the  i)lant.  They 
were  not  familiar  with  the  process,  and  by  the  time  they  were  the 
works  had  closed,  and  they  had  sought  other  employment.  This,  the 
writer  thinks,  was  detrimental  to  the  process.  It  must  also  be  re- 
membered that  the  first  treatment  was  with  a  O.OlS^jf  solution,  in- 
jecting only  about  0.25  lb.  zinc  chloride  per  cubic  foot,  while  the 
more  modern  practice  is  to  use  nearly  a  0.03/^  solution,  injecting 
about  0.501b.  of  chloride  per  cubic  foot,  which  should  make  the  ties 
remain  antiseptic  for  a  greater  length  of  time.  The  following  is  the 
record  of  some  1885  ties  treated  at  these  works,  and  laid  in  the  main 
line  just  north  of  the  Kaw  Kiver  Bridge  in  North  Topeka,  Kan. :  Of 
305  ties  put  in  track,  152  were  on  a  tangent  and  153  on  a  4°  curve. 
In  October,  1895,  all  of  those  on  the  curve  were  taken  out,  not  so 


DISCUSSION  ON  PEESERVATION  OF  RAILROAD  TIES. 


351 


much  on  account  of  rot  as  wearing  under  the  rail  and  respiking,  Mr.  Noyes. 
which  had  made  their  general  condition  such  that  the  spikes  would 
not  hold.  Of  those  on  the  tangent,  all  were  in  on  this  date,  but  22 
were  to  come  out,  leaving  130  in  the  track.  On  October  31st,  1896, 
there  were  still  81  in  on  the  tangent,  a^jparently  good  for  several 
years.     The  average  life  of  oak  ties  at  this  point  is  7  years. 

As  to  the  Southern  Pacific  ties :  In  the  fall  of  1896  the  writer  spent 
some  time  in  examining  ties  in  their  track,  and,  while  the  zinc 
chloride  and  steaming  may  be  the  direct  cause  of  their  failure,  it  is, 
in  his  opinion,  due  to  the  use  of  superheated  steam  (as  he  understands 
that  they  used  a  superheater  during  the  first  few  years  the  works 
were  operated),  and  to  a  ijarticular  species  of  timber  used,  as  there 
are  several  species  of  timber  which  will  check  along  the  annual  rings 
or  radially  if  exjiosed  to  the  sun  or  dried  too  rapidly  by  artificial 
heat.  At  the  company's  works,  the  only  kind  of  timber  treated  is  red 
spruce,  which  corresponds  to  the  Oregon  fir,  and  which  treats  better 
when  green  than  dry.  This  phenomenon  is  no  doubt  due  to  the 
resinous  nature  of  the  wood,  the  resin,  on  becoming  dry,  forming  an 
impenetrable  barrier  which  the  zinc  solution  cannot  pass. 

In  the  summer  of  1896  the  comj^any  treated  (with  zinc  chloride 
only),  for  the  Burlington  and  Missoui'i  River  Railway,  in  Nebraska, 
two  sections  of  ties  from  the  Big  Horn  Moimtaius  in  "Wyoming.  The 
original  sections  were  16  ft.  long,  half  being  retained  there  and  sent 
to  the  laboratory  at  Aurora,  111.  The  results  of  the  tests  on  the  treated 
and  untreated  timber  are  shown  in  Table  No.  13. 

TABLE  No.  13. 


Sample  No. 

Transverse 
strength. 

Deflection. 

Crushed 

under 

30  000  lbs. 

Spike  hold. 

Ounces  of  Zinc 
Chloride  per 
Cubic  Foot. 

Center. 

Edge. 

Pounds. 
a  766 

2  597 

3  125 
3  086 

2  975 
2  975 

Inches. 
0.45 
0.48 
0.45 
0.54 

0.45 
0.38 

Inches. 
0.97 
0.73 
0.45 
0.54 

0.61 
0.73 

Pounds. 

3  017 

1  830 

2  600 
2  400 

2  775 
2  470 

0.00 

13  00 

Untreated 

0.00 

27  50 

Untreated 

(  New  Mexico..  ) 

5.  ■{  Burnettized..  V 

(  Pine  tie ) 

{  New  Mexico.,  j 

6.  <  Wheelhous^,..  y 
(Pine  tie ) 

0.24 
0.62 

6.80 
9.43 

Tests  of  the  transverse  strength  were  made  on  samples  2x2 
ins.  in  section,  on  supjjorts  12  ins.  apart.  The  crushing  test  was 
made  with  samples  6x6  ins.,  by  noting  the  depth  to  which  the 
flange  of  a  66-lb.  rail  penetrated  the  sample  under  a  load  of 
30  000  lbs.    The   figures  under  "spike  hold"   show   the  pull  neces- 
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Mr.  Noyes.  sary  to  start  a  spike  which  had  been  driven  to  a  fixed  depth.  Fine 
borings  from  the  Wyoming  ties  were  washed  in  rimuing  water  for 
48  hours,  then  washed  in  distilled  water  and  analyzed  for  zinc 
chloride.  Though  they  contained  20.8  oz.  of  zmc  chloride  per  cubic 
foot  before  washing  they  were  found  to  contain  none  after  this 
treatment. 

In  the  Slimmer  of  1896,  in  order  to  determine  whether  the  Bur- 
nettized  or  Wellhoiise  ties  retained  the  more  zinc  chloride,  five  ties, 
which  had  been  treated  by  the  two  processes,  and  which  had  been  in 
the  ground  for  6  years,  were  taken  up,  and  6-in.  blocks  cut  from 
each  end  and  from  the  middle  of  each  tie,  making  thirty  blocks  in  all. 
Analyses  of  ash,  as  made  by  Robert  W.  Hunt  &  Co.,  Chicago,  showed 
the  average  of  ten  end  blocks  of  the  Burnettized  ties  to  contain  0.522%" 
of  zinc  chloride. 

The  average  of  ten  end  blocks  by  the  Wellhouse 

process 0 .  674  per  cent. 

The  average  of  five  middle  blocks  by  the  Burnet- 

tizing  process 0.496         " 

The  average  of  five  middle  blocks  by  the  Well- 
house  process 0 .  52.5         " 

The  average  of  the  entire  fifteen  Burnettized  blocks.  0.513         " 

The  average  of  the  entire  fifteen  Wellhouse  blocks.  0 .  624         " 

The  general  conditions  as  to  drainage,  soil,  traffic,  etc.,  were  the 
same  in  both  cases. 

While  this  test  showed  more  zinc  chloride  retained  in  the  ties 
treated  by  the  Wellhouse  process,  yet  there  is  one  point  which  has 
never  been  touched  upon,  i.  e.,  the  organic  decomposition  of  the  glue 
when  not  fixed  by  the  tannic  acid.  This  is  a  very  important  point, 
and  should  be  a  strong  argument  in  favor  of  the  three  solutions  as 
now  used  by  the  Chicago  Tie  Preserving  Company. 

The  fact  that  it  takes  a  great  deal  longer  for  the  Wellhouse  ties  to 
dry  after  treatment,  proves  that  the  treatment  does,  to  a  certain 
extent,  prevent  the  passage  of  moisture  into  the  wood. 
Mr.  Wallace.  JoHN  FiNDLEY  WALLACE,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper 
discusses  a  question  which  is  becoming  yearly  more  and  more  im- 
portant to  the  railroad  companies  of  the  United  States.  The  annual 
increase  in  the  amount  of  ties  used  for  renewals  and  the  steady 
diminution  of  the  timber  supply  are  gradually  attracting  the  attention 
of  railroad  owners  and  managers  to  the  tie  question. 

There  seems  to  be  little  doubt  that,  from  now  on,  more  and  more 
attention  will  have  to  be  given  to  preservation  methods,  but  this  is 
only  a  step  toward  the  solution  of  the  problem,  which  must  undoubt- 
edly come  in  the  use  of  some  substitute  for  the  wooden  tie,  and  which, 
it  would  seem,  must  eventually  compel  the  use  of  a  metallic  tie. 
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An  investigation  whicli  the  writer  has  just  comi^leted  shows  that  Mr.  Wallace, 
the  average  life  of  the  untreated  white  oak  tie  in  northern  Iowa  is  llh 
years,  in  Illinois  10  years,  and  in  Kentucky  and  Tennessee  and  the  high 
ground  in  Mississipjji  7i  years.  These  figures  ajiply  to  winter-cut 
white  oak  ties  grown  on  the  high  lands  of  Kentucky,  Tennessee  and 
Mississijjpi. 

Black  and  red  cypress  ties,  used  in  the  low  lands  of  Mississippi 
and  Louisiana,  have  an  average  life  of  10  years,  and  this  life  can  be 
increased  several  years  by  the  use  of  tie-jilates,  as  these  ties  wear  out 
before  they  decay. 

These  figures  are  taken  from  the  actual  records  of  ties  used  during 
the  10  years  ending  1898,  and  the  writer  considers  them  reliable  for  the 
general  territory  of  which  the  several  districts  mentioned  form  a  part. 

One  difficulty  met  by  railroad  managers,  in  considering  tie-preser- 
vation methods,  is  the  want  of  accurate  and  reliable  information  as  to 
the  actual  increase  in  life  due  to  the  various  processes  of  treatment 
applied  to  the  different  kinds  of  material.  Generally,  the  close- 
grained  woods,  similar  to  white  oak,  are  not  suscejatible  of  economical 
treatment.  Generally  speaking,  the  woods  which  absorb  a  sufficient 
amount  of  the  preserving  material  are  coarse  of  grain,  and  it  is  usually 
found  necessary  to  use  tie-plates  with  them,  at  an  additional  expense 
of  10  to  15  cents  per  tie,  in  order  to  get  the  full  benefit  of  the  preserv- 
ing process  and  prevent  the  tie  from  wearing  out  before  it  decays. 

When  new  processes  are  brought  before  railroad  managers,  actual 
facts  are  necessary  for  the  passing  of  proper  judgment  on  what  is  the 
best  and  most  economical  thing  to  do,  under  the  circumstances.  It  is 
very  difficult  to  prevail  on  railroad  managers  to  enter  into  any  line  of 
expenditure  which  is  more  or  less  experimental.  Many  railroad  man- 
agers have  given  more  or  less  general  attention  to  the  question  of 
treated  ties,  but  have,  so  far,  not  felt  justified  in  taking  practical 
stejis  toward  the  general  use  of  any  of  the  existing  processes,  on 
account  of  the  expense  and  uncertainty  as  to  results,  although  there  is 
little  question  but  that  the  necessities  of  the  near  future  will  force 
action  in  this  direction. 

E.  E.  RussEiiii  Tratman,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). —  Mr.  Tratman. 
One  of  the  most  imjDortant  points  of  this  paper  is  the  very  forcible 
way  in  which  it  shows  that  no  reliable  records  exist  or  are  kept  in 
the  United  States  as  to  the  life  of  railway  ties,  from  which  averages  of 
life  and  cost  of  different  kinds  of  timber  can  be  computed.  Without 
such  records,  the  calculations  and  estimates  of  comparative  durability 
and  economy  of  different  ties  and  different  preservative  processes,  are 
really  little  more  than  guess-work  (excej^t  for  individual  roads),  as  there 
is  no  real  foundation  upon  which  to  base  any  comparisons.  The  few 
railways  which  keep  useful  records  have  generally  such  diverse  forms 
and  methods,  that  it  is  difficult  to  make  comparisons  between  them. 
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Mr.  Tratman.  The  ties  are  a  very  important  cousideration,  in  their  aggregate  cost, 
the  labor  of  renewal,  the  disadvantages  of  frequent  renewals  (from 
traffic  and  economic  points  of  view),  and  the  consumption  of  forest 
timber  which  these  ties  represent.  In  view  of  all  this,  it  is  most 
desirable,  even  at  this  late  day,  to  endeavor  to  have  some  uniform 
system  adojated  by  which  records  may  be  kept  which  shall  be 
complete,  comparable,  and  free  from  the  influence  of  the  personal 
equation  which  makes  present  statistics  so  unreliable  as  a  basis  for  any 
general  conclusions.  It  is,  of  course,  difficult  to  get  a  system  of  this 
kind  introduced  and  properly  followed  out,  but  the  only  way  is  to 
make  a  begmniu'g  of  some  kind,  and  then  gradually  develop  it  on  lines 
carefully  thought  out. 

It  seems  to  the  writer,  that  the  keeping  of  these  records  upon  some 
uniform  and  carefiilly  formulated  system,  is  a  duty  that  might  be 
properly  imposed  uj^on  the  division  roadmasters,  or  officers  of  similar 
position.  The  section  foremen  should  be  required  to  keep  very 
careful  record  of  the  number  and  cause  of  tie  renewals  (decay  or  rail- 
cutting).  The  roadmasters  should  then,  from  this  information  and 
their  own  knowledge  and  observation,  prepare  the  broader  records. 
Some  means  of  supervision  should  also  be  devised,  to  ensure  that  the 
inspection  and  renewal  of  ties  and  the  keeping  of  the  records  are  done 
carefully  and  not  in  a  mere  hap-hazard  or  perfunctory  manner. 

The  following  list  shows  some  of  the  items  which  should  be 
included,  and  Table  No.  14  is  a  sample  of  the  suggested  form  of  record. 
With  such  comi^lete  and  uniform  records  from  a  number  of  railways 
for  a  term  of  years,  and  with  the  records  of  the  operations  of  preserva- 
tive processes  and  their  cost,  some  broader  and  more  reliable  informa- 
tion could  be  compiled  than  is  ijossible  with  existing  statistics.  This 
information  w^ould  undoubtedly  lead  to  greater  care  in  the  use  of  ties. 

1.  Miles  of  single  main  track  on  the  division. 

2.  Approximate  tonnage  carried  over  the  division  during  the  year. 

3.  Kinds  of  timber  used  and  the  percentage  of  each. 

4.  Number  of  ties  per  mile  (according  to  the  standard  spacing  or 
standard  number  per  rail  length). 

5.  Preservative  treatment  of  the  ties. 

6.  Number  of  ties  of  each  kind  renewed. 

7.  Cost  of  ties  of  each  kind  renewed. 

8.  Date  when  ties  removed  were  laid. 

9.  Place  where  ties  of  each  kind  were  obtained. 

10.  Tie-renewals  per  mile  of  track. 

11.  Kind  of  ballast  in  which  ties  were  laid. 

12.  Weight  of  rail. 

13.  Are  tie-plates  used? 

14.  General  condition  of  track;  including  condition  of  rails,  and 
road  bed,  surface,  line,  etc. 
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TABLE  No.  14.— Tie  Eecokd,  SniTHViiiLE  Division,  A.  B.  &  C.  Ry.      Mr.  Tratman. 


J 

50  miles. 
tons. 

2 

8 

Oak,  50.V. 
2  464. 

None. 

5  000. 

55  cts. 

(  2  000  in  18 

■(  3  000  in  18 

Pennsylvania. 

200. 

Stone. 

80  lbs. 

No. 

Good. 

Pine,  25%-. 

2  816. 

(  lOV  zinc  chloride. 
1  90,V  none. 

3  125. 
50  cts. 

2  000  in  18 

1125  in  18 

Georgia. 

250. 

Screened  gravel. 

60  and  70  lbs. 

At  joints. 

Good. 

Hemlock,  25'4. 

2  816. 

5 

( 10%  creosote. 

J.  \0X  zinc  chloride. 

6 

( 80.V  none. 
3  750. 

7 

20  cts. 

8 

3  000  in  18 

1  750  in  18 

9.. 

10 

300. 

Common  gravel. 
60  and  70  lbs. 

12.. 

13 

On  all  ties. 

14 

C  Stanley  Churton,  Esq.  (by  letter). — On  reading  Mr.  Curtis'  able  Mr.  Churton. 
and  exhaustive  paj^er  one  is  struck  by  tlie  extremely  short  life  of  the  ties. 
This,  however,  is  partly  explained  when  he  states  that  "they  perish 
by  the  mechanical  destruction  of  the  fibers  under  the  rail,"  and  also 
by  the  cutting  out  of  the  fibers  in  the  process  of  respiking.  Further 
on  it  is  shown  that  ties  can  be  protected  by  plugging  the  spike 
holes,  and  the  writer  would  suggest  that  before  insertion  the  plugs 
be  dipped,  either  in  liquid  creosote,  or  a  solution  of  chloride  of  zinc, 
or  sulphate  of  copper. 

The  whole  question  of  preserving  timber  by  chloride  of  zinc  seems 
hopelessly  mixed.  For  instance,  Mr.  Curtis,  in  remarking  on  pro- 
gress since  1885,  writes:  "Three  plants  treating  timber  with  zinc 
chloride  were  in  operation  in  the  United  States,  each  working  with  a 
different  process,"  and  further  alludes  to  "the  method  adopted  to 
prevent  the  impairment  of  the  preservative  treatment  by  the  washing 
out  of  the  zinc  salt,  which  is  quite  soluble  in  water." 

The  paper  does  not  state  how  one  process  differed  from  the 
others,  but  the  writer  thinks  that  Mr.  Curtis  is  wrong  in  his  state- 
ment concerning  the  washing  out  of  zinc  salt.  The  fact  is — 
and  it  is  an  important  fact,  and  one  not  to  be  forgotten — that 
chloride  of  zinc  acts  on  vegetable  fiber  the  same  as  iron  acts  on 
cotton  or  linen,  forming  what  is  known  as  iron-mould.  The  cotton 
can  take  up  only  a  certain  quantity  of  iron,  but  this  becomes 
incorxiorated  with  it,  and  no  amount  of  washing  or  boiling  can  take 
it  out;  there  is  a  chemical  combination  between  the  iron  and  the 
linen.  An  excess  of  iron  would  rot  and  destroy  the  linen,  and  the 
excess  which  could  not  be  combined  with  the  linen  could  be  washed 


The  fiber  of  the  wood  can  enter  into  combination  with  the  zinc  up 
to  a  certain  amount,  but  m.ore  than  that  would  be  worse  than  useless. 
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Mr.  Churton.  in  fact,  would  actually  defeat  its  own  object  and  hinder  rather  than 
assist  the  longevity  of  the  timber. 

Again,  chloride  of  zinc  attracts  water  from  the  atmosphere,  there- 
fore an  excess  of  chloride  would  keep  the  ties  perpetually  wet;  in  fact 
they  would  never  become  perfectly  dry ;  consequently,  decomi^osition 
of  the  fiber  under  the  rail  would  be  hastened.  It  is  admitted  on  page 
324,  that  on  the  Southern  Pacific  Railroad,  the  quantity  of  chloride 
used  was  too  great. 

In  some  parts  of  Mr.  Curtis'  paper,  the  process  is  described  as 
being  performed  under  pressure,  at  others  in  a  "vat,"  when  the  solu- 
tion was  raised  to  a  great  heat,  250°  to  300°.  The  writer's  opinion 
is  that  the  life  of  the  wood  is  in  the  sap;  destroy  the  sajj  and  the 
life  is  destroyed.  The  best  way  to  preserve  timber  for  railway  use  is 
to  let  it  be  well  seasoned  before  being  placed  under  pressure.  The 
actual  drying,  under  favorable  circumstances,  does  not  take  very  long 
after  10  lbs.  of  solution  of  zinc  chloride  of  1.025  specific  gravity  has 
been  forced  into  it;  when  dry  it  is  harder,  denser  and  more 
durable.  The  use  of  the  word  "vat"  gives  one  the  impression 
that  in  some  places  ties  have  been  preserved  by  being  macerated  in 
a  hot  solution  of  zinc  chloride;  and  that  great  heat  has  been 
used.  The  timber  has,  in  fact,  been  boiled  in  a  preservative  solu- 
tion. The  object  of  applying  heat — which  is  not  absolutely  neces- 
sary when  timber  is  treated  under  pressure — is  to  expand  the  pores 
and  to  hasten  the  absorption  of  the  preservative,  and  the  appli- 
cation should  be  continued  only  as  long  as  is  necessary  to  absorb 
the  quantity  of  solution  required.  To  destroy  the  saj)  by  excessive 
heat,  in  fact,  by  boiling  it  out,  is,  in  the  writer's  oi^inion,  a  i:)ositive 
mistake. 

It  cannot  be  too  strongly  insisted  upon  that  many  theorists, 
faddists  and  experimentalists  have,  from  time  to  time,  invented  pro- 
cesses for  the  preservation  of  timber,  which  have  only  had  the  effect  of 
destroying  its  vitality. 

About  twenty-five  years  ago  a  process  unknown  to  the  writer  was 
much  advocated,  but  after  a  little  time  the  wood,  some  specimens  of 
which  were  shown  ten  years  ago,  broke  like  carrots.  Timber,  like 
wine,  requires  careful  and  skilful  handling,  and  those  whose  duty  it 
is  to  treat  it  with  chemicals  should  understand  thoroughly  the  nature 
of  the  chemicals  used. 

The  late  Sir  William  Burnett,  the  inventor  of  Burnettizing,  was  a 
medical  director  in  the  navy,  and  was  cognizant  of  the  therapeutical 
effects  of  chloride  of  zinc  on  vegetable  fiber.  His  directions  were 
that  one  part  of  liquid  chloride  of  zinc  having  a  specific  gravity  of 
1.600  should  be  mixed  with  40  parts  of  water,  and  experience  has 
proved  that  this  is  the  best  strength  for  treating  timber,  and  most 
conducive  to  its  longevity. 
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Mr.  Van  Vryberghe  de  Coningh*  (by  letter). — On  the  Dutch  State  Mr.de Coningh. 
Railroad  wooden  ties  have  been  used  exclusively  since  1889,  as  steel 
ties  did  not  give  satisfaction.     Baltic  pine  has  been  used  on  tangents 
and  curves  of  greater  radius  than  1  000  ms. ,  and  Dutch  oak  or  beech 
for  ciirves  of  less  radius  and  for  switches.     Dutch  oak  is  preferred  to 

Baltic  oak  because  having  grown  more  slowly  it        /; ;i^->. 

is  consequently  tougher,  though  less  showy.     Up     [    i  ^°°       ^'^' 

to  the  present  time  no  difference  has  been  ob-  155 

served  between  inland  and  foreign  beech.     The      ( 260 l-—^ 

ties  are  from  2.60  to  2.70  ms.  in  length.     Their     I _ i 

cross-section  is  as  shown  in  Fig.  l.f  FigI. 

The  rails  are  of  the  T-type,  weighing  from  33.7  to  40  kgr.  per 
meter,  and  are  not  fixed  directly  on  the  tie,  but  upon  steel  plates 
(shown  in  Fig.  2),  and  these,  at  the  same  time,  give  the  desired 
inclination  to  the  track.  The  length  of  these  plates  is  200  mm.  The 
rail  and  tie-plate  are  fixed  h-y  spikes.  .  , 

Formerly   the    ties    were   planed 
only  at  the  places  to  be  occiipied  by 

the  plates,  by  making  incisions  with    '^  220  jh 

a    saw    and    planing    between,     but  ^^'^^  ^■ 

these  incisions  caused  the  infiltration  of  rain  water,  and  at  present  the 
whole  upper  surface  of  the  tie  is  planed. 

No  preservative  process  is  applied  to  oak  ties.  Pine  ties  are  pre- 
served by  the  modified  Rlitgers  process,  and  beech  ties  with  tar-oil 
(creosote).  In  the  future,  when  the  installations  have  been  modified, 
the  Riitgers  process  will  also  be  applied  to  the  oak  ties. 

All  timber  is  cut  in  the  winter,  and  great  care  is  taken  to  have  the 
ties  thoroughly  air-dried  before  they  are  treated,  because,  in  that  con- 
dition, the  wood  absorbs  the  preserving  liquids  more  readily. 

As  navigation  is  closed  by  the  ice  during  winter  and  spring,  the 
Baltic  pine  is  shipped  to  the  Netherlands  between  June  and  December, 
and  is,  therefore,  generally  piled  up  in  the  Netherlands  during  one 
Avinter.  Only  in  excejitional  cases,  and  when  there  is  great  need  for  it, 
lumber  shipped  in  early  summer  is  put  through  the  process  in  the  fall. 

Beech  shipped  in  the  sjjring  is  used  in  the  summer.  It  is  easily 
impregnated  and  is  then  very  durable,  but  if  it  is  not  impregnated  it 
decays  very  soon.  Therefore,  great  care  must  be  taken  with  it  before 
it  is  impregnated,  for,  if  it  is  piled  u^^  carelessly,  it  decays  readily. 

The  modification  of  the  ordinary  Rutgers  process  concerns  only  the 
composition  of  the  impregnating  liquid,  which  is  5°  Beaume  {4:%  Zn 
CI  )  instead  of  3°  Beaume  (2%  Zn  Ch')  as  ordinarily  used.  To  30  kgrs. 
of  the  mixture  (the  dose  for  one  pine  tie)  is  added  5  kgrs.  of  tar-oil, 
instead  of  2  kgrs. 

*  Ingenieur  der  Staatsspooriregen,  Utrecht,  Holland. 
tThe  dimensions  on  Figs.  1  and  2  are  in  millimeters. 
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Mr.de  Coningh.  Up  to  the  present  time  exiserience  has  not  shown  that  by  aiigmentr 
ing  the  quantity  of  zinc  chloride  the  fibers  of  the  wood  are  attacked, 
or  that  the  wood  becomes  brittle.  Great  care  is  taken,  however,  to 
keep  the  zinc  chloride  absolutely  free  of  acid. 

The  quality  of  the  creosote  is  fixed  by  prescription  and  regularly 
controlled.  The  jarocess  is  wholly  that  of  Burnett,  ajjplied  by  Eiitgers: 
steaming,  air-vacuum  and  impregnating  under  pressure,  the  time  for 
each  part  of  the  process  depending  on  the  degree  of  moisture  in  the 
wood. 

Until  the  impregnated  ties  are  to  be  used  in  the  track,  great  care  is 
taken  to  keep  them  piled  up  close  together;  just  contrary  to  the 
method  in  which  they  are  piled  before  impregnating,  which  is  very 
loose. 

There  are  no  statistics  yet  as  to  the  life  of  impregnated  ties. 

The  cost,  during  the  last  6  years  was  as  follows: 

Pine  ties 1.30  to  2  guilders  (52  to  80  cents). 

Beech  "   ±  2.70  guilders  ($1.08). 

Oak      "   28  to  38  guilders  jier  cubic  meter. 

In  1898  the  cost  per  tie  was  as  follows: 

Pine 0.46  guilder  (18^  cents). 

Beech 0.72         "        (29       "     ). 

In  these  prices  are  included,  respectively,  0.30  and  0.58  guilder 
(12  and  23  cents)  for  the  liquids  (the  jjrices  of  these  varying  yearly), 
and  0.07  guilder  (2f  cents)  for  labor.  The  remainder  makes  up  the 
expenses  for  engineers,  coal,  repairs  to  machinery,  and  suiDcrvision. 
Mr.  Rowe.  SAMUEii  M.  EowE,  M.  Am.  Soc.  C.  E.  (by  letter). — These  researches 
by  Mr.  Curtis  certainly  have  much  value,  not,  perhaps,  for  any  definite 
conclusions  adduced,  or  that  can  be  adduced,  so  much  as  for  giving  a 
resume  of  the  question  of  timber  jareserving  from  the  time  of  the 
report  of  the  Committee  of  this  Society  in  1885  to  the  present  time. 
That  this  article  is  resulting  in  an  awakening  to  the  importance  of  this 
matter  seems  to  justify  its  prepai-ation  and  the  great  amount  of  labor 
and  care  required,  and  it  is  to  be  hoped  that  something  more  than 
thanks  will  be  accorded. 

The  pressing  needs  of  the  day  for  cross-ties  to  supply  the  waste 
on  existing  railroads  and  for  new  lines  has  called  attention  sharply 
to  the  necessity  of  some  method  of  jjreventing  the  rapid  depletion  of 
the  available  stock  of  timber,  particularly  as  few  American  railroads 
are  yet  prepared  to  resort  to  metal  ties. 

The  discussion  of  this  matter,  both  in  this  case  and  generally,  is 
somewhat  confusing,  but  probably  jjertinent  and  worthy  of  consid- 
eration. To  extricate  ourselves  from  this,  however,  and  to  place  our- 
selves on  something  like  solid  ground,  we  are  inclined  to  fall  back 
oa  experience  and  give  some  of  the  conclusions  derived  therefrom. 


DISCUSSION  ON  PRESERVATION  OF  RAILROAD  TIES.  359 

It  came  into  the  iirovince  of  the  writer  in  1885,  to  be  placed  in  Mr.  Rowe. 
charge  of  the  works  then  just  completed  at  Las  Vegas,  N.  Mex.,  a 
position  in  which  it  was  imperative  to  make  a  close  study  of  the  phil- 
osophy, the  practical  workings,  the  methods  used,  the  nature  of  the 
chemicals,  as  well  as  a  thorough  analysis  of  the  results  attained.  The 
zinc-tannin  or  Wellhouse  patent  process  was  to  be  used,  and  in  this 
study  the  aid  of  O.  Chanute,  M.  Am.  Soc.  C.  E.,  and  the  late  Joseph 
P.  Card,  Assoc.  Am.  Soc.  C.  E.,  was  availed  of;  they  being  owners  of 
the  then  existing  patents  on  the  process.  It  is  unnecessary  to  say 
that  the  conclusions  there  reached  were  and  are  still  of  much  value, 
no  occasion  for  revision  to  any  extent  having  arisen. 

It  is  a  pleasure  to  read  the  contribution  of  Mr.  Noyes,  in  reference 
to  these  works,  and  it  is  very  desirable  that  more  such  men  enter 
the  field  to  add  to  the  number  of  careful  observers. 

It  is  not  deemed  necessary  or  desirable  to  go  deeply  into  this  dis- 
cussion at  the  present  time,  and  the  writer  will  confine  his  remarks 
to  a  general  survey  of  the  practical  points  of  the  situation  and  to 
the  importance  of  educating  practical  ojoerators,  of  whom  there  are 
too  few. 

We  should  not  place  particular  stress  on  the  process  used,  whether 
it  be  the  Burnett,  the  zinc-tannin  or  the  creosote  process,  the  ai)j)li- 
ances  and  methods  being  quite  similar,  but  on  correct  and  efficacious 
methods,  the  main  point  being  to  get  the  absorption  of  a  proper 
amount  of  chemicals,  or  rather  to  prepare  the  timber  for  it.  To  do 
this,  a  thorough  knowledge  of  the  absorptive  qualities  of  the  timber 
to  be  treated,  as  to  density,  dryness,  etc.,  must  be  had,  after  which 
judgment  and  discretion,  with  some  degree  of  practical  exiaerience, 
will  be  the  best  guides. 

In  regard  to  the  question  of  securing  any  desired  degree  of  absorp- 
tion, it  depends  on  the  density  of  the  timber;  but  as  to  the  effectiveness 
of  the  process  used  (steaming  or  the  vacuum),  there  is  little  question. 
By  natiiral  absorption,  that  is,  by  soaking  or  immersing  in  water, 
would  require,  under  the  most  favorable  circumstances,  some  thirty 
days  to  absorb  as  much  as  will  be  injected  by  this  method  in  a  few 
hours  (five  or  six  altogether). 

It  should  be  remembered,  too,  that  the  amount  of  chemicals,  or 
antisejitics,  has  not  all  to  do  with  the  results,  neither  can  a  super- 
abundance of  the  chemical  be  relied  upon  to  make  amends  for  lack  of 
judgment  in  respect  to  other  parts  of  the  treatment.  The  overplus 
above  that  which  long  experience  and  trial  in  the  track  has  shown  to 
be  necessary  is  worse  than  money  thrown  away.  The  saying  in  the 
"  Hoosier  Schoolmaster,"  "  While  yer  gittin  git  a  plenty,"  will  hardly 
hold  in  this  case. 

The  question  of  choosing  open-grained  timber  is  to  some  extent 
misleading,  as  the  writer's  observations  for  the  last  15  years  lead  him 
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Mr.  Rowe.  to  believe  that  the  expression  "the  better  the  timber,  the  better  the 
tie,"  is  in  the  main  true,  the  fact  remaining  that  many  of  the  timbers 
now  deemed  worthless  for  this  purpose,  may  be  made  lasting  and 
serviceable. 

The  mention  of  small  ties,  6x8  ins.,  deserves  notice.  A  sawed  tie 
less  than  7  by  9  ins   can  on  no  rational  grounds  be  defended. 

The  degree  of  drying  which  a  tie  should  have  should  be  sufficient 
to  relieve  the  wood  of  at  least  half  its  water;  the  time  required  to  do- 
this  depending  on  climate,  moisture  and  other  conditions  which  vary 
in  different  parts  of  the  country.  There  may  be  exceptions  as  to 
this  with  timbers  which  have  not  yet  come  under  the  writer's  notice. 

If  the  writer  were  permitted,  he  would  say  to  the  railroad  manager, 
that  in  many  cases  such  a  plant,  equipped  and  operated,  would  prove 
of  as  much  advantage  as  a  repair  shop,  and  should  have  the  same 
attention  and  care;  the  manager  of  the  works  being  educated  in  this 
particular  line  and  equally  as  well  paid  as  the  master-mechanic  of 
his  repair  shop.  No  man  can  be  pi-epared  for  this  without  close 
contact  with  the  practical  part  of  the  work  and  a  close  study  of  its 
operation. 

As  an  example  of  this,  one  of  the  largest  railroad  systems  in  the 
United  States,  i^ut  aside  all  theories  and  speculations  as  to  j^articular 
methods  and  took  the  tangible  results  shown  on  the  financial  sheets 
of  cost  of  maintenance,  viz.,  a  reduction  of  renewals  from  over  20j?(J'  in 
1885,  to  less  than  5%  in  1897-98. 
Mr.  Eayrs.  N.  W.  Eayks,  M.  Am.  Soc.  C.  E.  (by  letter).— The  author  has 
presented  a  deal  of  valuable  information  on  the  subject  of  preserva- 
tion of  railroad  ties,  but  it  is  to  be  regretted  that  the  paper  was  not 
extended  to  include  ties  and  timber  used  in  bridges  and  viaducts. 
The  cost  of  renewing  ties  on  such  structures  and  under  traffic  is 
very  much  greater  than  that  of  tie  renewals  on  ballast,  and  every  year 
added  to  the  life  of  such  ties  is  more  valuable  than  in  the  ease  of  com- 
mon ties. 

The  writer's  experience  in  recent  years  has  been  chiefly  in  the 
maintenance  of  bridges,  viaducts  and  elevated  structures,  and  he  has 
been  surprised  to  find  that  so  little  effort  has  been  made  to  protect 
bridge  ties  and  floors  from  the  action  of  the  weather.  For  a  num- 
ber of  years  past  it  has  been  the  writer's  practice  to  paint  bridge 
ties,  and  the  resiilt  has  been  so  satisfactory  that  he  is  inclined  to 
doubt  the  advisability  of  treating  such  ties  by  any  other  preserva- 
tive process.  One  great  objection  to  using  the  ordinary  processes 
for  preserving  such  timber  is,  that,  as  universally  admitted,  timbei*^ 
should  not  be  cut  after  treatment;  it  was  suggested  to  the  writer 
by  the  management  of  one  preserving  works  that  the  ties  should 
even  be  bored  for  spikes  before  treatment.  The  expense  of  such 
rehandling,  and  the  extra  freight  charges,  would  be  prohibitive. 
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The  writer's  experience  on  the  St.  Louis  Bridge  is  an  instance  of  Mr.  Eayrs. 
the  value  of  painting  ties.  The  railway  floor  of  this  bridge  was 
changed  to  a  tie  floor  in  1888;  the  ties  used  were  7  x  7-in.,  long-leaf 
yellow  pine,  carefully  selected.  All  daps  were  painted  before  the  ties 
were  placed,  and  also  all  surfaces  where  wood  came  in  contact  with 
wood.  After  the  floor  was  finished  the  ties  were  given  two  coats  of 
red  oxide  of  iron  and  linseed  oil.  These  ties  are  in  perfectly  sound 
condition  to-day.  Unfortunately,  tie-plates  were  not  used  when  the 
ties  were  first  laid,  and  it  is  now  necessary  to  renew  them  on  account 
of  "  spike  killing"  and  wear;  otherwise  the  ties  would  be  good  for  5 
years  longer,  if  not  more. 

In  1897,  the  writer  renewed  the  entire  floor  of  the  elevated  portion 
of  the  St.  Louis  Merchants  Bridge  Terminal  Eailway.  This  floor  was 
laid  in  1891  with  oak  ties,  unpainted  and  untreated.  Six  years  after- 
ward more  than  50%"  of  the  ties  were  so  badly  decayed  that  nothing 
was  left  but  a  shell.  The  traffic  over  this  structure  had  been  very 
light  up  to  1896,  and,  consequently,  the  ties  had  suff"ered  no  mechani- 
cal injiiry.  The  timber  used  in  relaying  was  long- leaf  yellow  j^ine, 
and  was  i^ainted  with  one  coat  of  mineral  paint  after  framing,  and 
one  coat  after  being  placed  in  the  track.  The  cost  of  jjainting  the 
ties,  two  coats,  averaged  11 J  cents  per  tie.  Tie-plates  were  used  on  this 
structure,  and,  judging  from  the  experience  on  the  St.  Louis  Bridge, 
these  ties  ought  to  last  1 5  years.  About  75  ties  were  treated  by  dip- 
ping into  a  bath  of  hot  Woodiline,  and  about  150  others  were  jDainted 
with  Woodiline  applied  hot.  The  dij^ped  ties  were  allowed  to  remain 
in  the  bath  ten  minutes;  the  amount  absorbed  was  22 J  galls,  per  1  000 
ft.  B.  M. ,  or  about  1|  galls,  per  tie.  The  cost  of  the  work  was  52  cents 
per  tie  for  material,  and  about  If  cents  per  tie  for  labor  in  handling, 
exclusive  of  the  cost  of  the  tank,  steam  connection  and  fuel. 

Taking  into  consideration  the  cost  of  the  process,  the  uncertainty 
of  getting  the  proper  amount  of  preservative  in  the  timber,  and  the 
necessity  of  treating  after  the  framing  has  been  done,  it  is  the  writer's 
opinion  that  for  bridge  ties  there  is  very  little  more  economy  in  any 
of  the  preserving  processes  now  in  use  than  in  painting. 

O.  E.  Selby,  Jun.  Am.  Soc.  O.  E.  (by  letter). — Table  No.  15  and  Mr.  Selby. 
the  diagram.  Fig.  3,  were  prepared  by  the  writer  during  an  investi- 
gation of  the  question  of  timber  preservation  for  the  railroad  system 
with  which  he  is  connected,  for  the  purpose  of  arriving  at  a  rational 
and  ready  means  of  comparing  the  economy  of  diff"erent  methods  of 
preservation.- 

The  diagram,  omitting  the  four-sided  figures  lettered  A,  B,  C,  etc., 
is  plotted  from  Table  No.  1,  page  195,  of  Bulletin  No.  9,  United  States 
Department  of  Agriculture,  Division  of  Forestry.  The  abscissas  rep- 
resent the  cost  in  cents  of  each  renewal,  and  the  diagonal  lines  repre- 
sent the  intervals  between  renewals.     The  ordinates  show  the  annual 
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Mr.  Selby. 


ANNUAL  CHARGE  IN  CENTS  NECESSARY  TO  LIQUIDATE  SUCCESSIVE  RENEWALS   AT    5/'  COMPOUND  INTEREST 


364  DISCUSSION  ON  PRESERVATION  OF  RAILROAD  TIES. 

Mr.  Selby.  charge  in  cents,  based  on  5%,  compound  interest,  necessary  to  liqui- 
date the  succeeding  renewals  at  the  intervals  shown.  In  other  words, 
it  is  the  amount  which  it  would  be  necessary  to  set  aside  each  year 
and  invest  at  5%,  compound  interest,  in  order  to  equal,  in  the  end, 
the  cost  of  all  renewals  reckoned  at  the  same  rate  of  interest. 

The  diagram  shows  grai^hically  and  exactly  the  comparative  ulti- 
mate economy  of  various  methods  involving  various  lengths  of  life  and 
initial  costs.  The  only  ajaproximation  involved  is  in  the  assumed 
lengths  of  life  and  assumed  costs.  Comparisons  can  be  made 
for  structural  timber  by  taking  the  costs  and  annual  charges  in 
dollars  per  1  000  ft.  B.  M. ,  instead  of  in  cents  per  tie. 

While  it  is  known  that  most  railroads  can  now  obtain  money  at 
less  than  5%,  it  is  believed  that  the  addition  of  general  expenses, 
taxes,  costs  of  financing,  uncertainties  in  distribution  of  expenses,  etc., 
makes  a  5%  basis  of  comiJarison  a  proper  one,  especially  as  it  works 
to  the  disadvantage  of  the  longer-lived  ties  and  processes,  as  to  the 
durability  of  which  there  is  necessarily  much  uncertainty. 

The  table  was  prepared  to  include  the  principal  kinds  of  ties  and 
methods  of  treatment  available  on  a  large  scale  on  the  system  in  ques- 
tion. There  are  several  species  of  wood,  such  as  catalpa,  sassafras, 
black  walnut,  etc.,  which  are  known  to  be  very  durable  and  vahiable 
for  cross-ties,  but  which  are  not  available  m  large  enoiigh  quantities 
to  have  much  effect  on  the  tie  supply  of  a  large  system,  and  they  were 
not  included  in  the  comparison. 

The  basis  of  comj^arison  is  the  first-class  tie,  of  white  oak,  burr 
oak  or  post  oak,  filling  the  present  sjjecifications  of  the  system,  cost- 
ing 35  cents  to  38  cents  each,  and  lasting  in  the  track  from  8  to  10  years, 
under  reasonably  favorable  conditions.  In  view  of  the  increasing- 
scarcity  of  such  first-quality  oak,  and  rapidly  advancing  prices,  a  com- 
parison is  also  made  on  a  basis  of  the  probable  early  future  cost  of  50 
cents  each.  The  assumptions  in  the  table,  as  to  cost  of  ties,  treatment^ 
putting  in  track  and  probable  life,  are  based  on  reports  from  division 
engineers,  and  information  from  other  sources,  including  Mr.  Curtis' 
paper,  applicable  to  the  middle  western  territory  covered  by  the 
system.  Limits  were  used  rather  than  averages  so  as  to  show  the  pos- 
sible range  covered  by  each  i^rocess. 

The  column  headed  "Total  Cost  in  Track  "  is  made  up  by  adding 
together  the  cost  of  the  tie  delivered,  the  cost  of  treatment,  if  any,  and 
the  labor  cost  involved  in  removing  the  old  tie  and  putting  in  the  new 
one.  It  is  important  that  this  item  of  cost  of  putting  in  track  be  in- 
cluded in  all  comparisons,  as  it  is  certainly  an  expense  involved  in  each 
renewal,  and  its  omission  gives  an  unfavorable  advantage  to  the  short- 
lived ties  and  processes.  The  column  headed  "Annual  Charge"  is 
taken  from  the  diagram  for  the  preceding  data  of  total  cost  in  track 
and  probable  life.     The  last  two  columns  of  the  table  show  the  length 
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of  life  Avhicli  must  be  realized  by  the  diflferent  processes  at  the  as-  Mr.  Selby. 
sumed  costs  in  order  to  equal  in  economy  a  white  oak  tie,  first,  at 
present  prices  ;  second,  at  future  jirices.  This  was  obtained  from  the 
diagram  by  following  out  the  horizontal  line  representing  the  average 
annual  charge  for  the  oak  tie  to  its  intersection  with  the  vertical  line 
representing  the  average  cost  of  the  treated  tie.  The  year  lying  nearest 
this  intersection  is  the  required  life. 

The  use  of  metal  tie-plates,  with  treated  and  untreated  ties,  was 
considered,  together  with  other  methods  of  jDreservation,  and  the 
results  show  it  to  be  a  most  promising  method  with  soft  wood  ties. 
The  cost  of  tie-j)lates  was  assumed  at  10  cents  each,  including  the  cost  of 
their  transportation  to  the  site  and  putting  them  in.  This  may  seem 
high  for  small  plates,  but  it  is  likely  to  be  realized  with  the  advancing 
prices  of  steel. 

Two  assumptions  were  made  for  Burnettized  beech  ties,  the  first 
based  on  their  claimed  and  probable  life  of  12  to  15  years,  and  the 
second  on  a  life  of  9  to  10  years,  which  seems  a  certain  minimum, 
in  view  of  experience  with  the  process  and  of  imjirovements  now 
being  tried.  The  range  of  cost  of  vulcanizing  was  made  large  to  cover 
both  the  present  cost  and  the  future  reduced  cost  of  the  process  if  it 
proves  successful  and  works  are  established  in  the  West.  In  view  of 
developments  in  the  tie  market,  since  the  table  was  made,  the  price  of 
cedar  ties  was  probably  taken  too  low. 

The  data  in  the  table  have  been  j)lotted  on  the  diagram,  each  kind 
of  tie  being  represented  by  a  four-sided  figure,  within  the  limits  of 
which  will  be  found  the  actual  annual  charge,  the  intersection  of  the 
diagonals  locating  the  average.  Those  plotting  nearest  to  the  base 
line  show  the  lowest  annual  charge,  and  hence  the  greatest  economy. 

The  one  which  idiots  lowest  is  the  beech  Burnettized,  but  if  its  life 
is  proven  to  be  only  9  or  10  years  it  plots  much  higher,  but  is  still 
lower  than  the  white  oak  tie  at  50  cents.  The  chestnut  tie  with 
plates,  the  cedar  tie  with  plates,  and  the  inferior  oaks  Burnettized, 
all  show  greater  economy  than  the  white  oak  tie  at  38  cents  delivered. 
All  the  processes  of  treatment  plotted  show  greater  ultimate  economy 
than  a  white  oak  tie  which  costs  50  cents  delivered  and  lasts  only  8  to 
10  years,  indicating  that  the  time  is  rapidly  aj)proaching  when  some 
form  of  preservation  will  be  imperative. 

On  the  face  of  the  diagram  the  best  showing  is  made  by  the  Bur- 
nettizing  process,  and  by  untreated,  long-lived,  soft  wood  ties  with 
jilates. 

The  flat  inclination  of  the  lines  rejiresenting  the  longer  periods  of 
years  shows  that  the  amount  we  are  justified  in  spending  for  a  tie 
increases  rapidly  with  the  life  realized;  that  is,  the  annual  charge 
increases  more  slowly  in  comparison  with  the  first  cost  for  the  long- 
lived  ties  than  it  does  for  the  short-lived  ties. 
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Mr.  Selby.  The  cost  and  probable  life  in  any  individual  case  may  easily  fall 
outside  the  limits  plotted,  but  in  any  case  it  is  easy  to  follow  out  the 
horizontal  line  corresponding  to  the  cost  in  track  and  probable  life  of 
ties  in  use  to  find  the  life  which  it  will  be  necessary  to  realize  from  a 
process  of  given  cost,  or  the  amount  which  it  is  justifiable  to  pay  out  to 
secure  a  tie  of  a  given  life. 

The  writer's  investigation  resulted  in  a  recommendation  for  the 
purchase  of  a  considerable  number  of  inferior  oak  ties  and  their  treat- 
ment by  Burnettizing,  and  the  purchase  of  a  like  number  of  cedar  and 
chestnut  ties  and  their  use  with  tie-plates;  the  number  recommended 
being  large  enough  to  be  considered  experimental  on  a  large  scale. 

There  is  much  promise  in  a  modified  Burnettizing  process,  now 
being  investigated  by  a  leading  tie-preserving  company,  consisting  of 
the  injection  of  both  creosote  and  zinc  chloride.  This  is  likely  to 
prove  durable,  but  may  be  too  expensive.  The  writer  agrees  with 
others  who  have  taken  part  in  the  discussion  that  much  of  the  hesi- 
tancy of  the  managements  in  authorizing  the  use  of  treated  ties  is  on 
account  of  the  uncertainty  which  exists  as  to  the  actual  life,  under 
varying  conditions,  both  of  ties  now  in  use  and  of  the  treated  ties. 

Certainty,  in  this  direction,  is  only  to  be  attained  by  careful  records 
of  all  ties  in  the  track,  showing  length  of  service  and  actual  cause  of 
removal.  Such  records  would  be  of  value  in  determining,  not  only 
the  necessity  for  and  the  best  processes  of  treatment,  but  in  indicating 
the  value  of  improvements  in  any  given  process. 
Mr.  Chaiiute.  O.  Chanute,  Past-President,  Am.  Soc.  C.  E.  (by  letter). — This  paper 
chances  to  be  most  timely,  for  its  publication  concurs  with  one  of  those 
swift  advances  in  prices  which  take  place  when  it  is  suddenly  discovered 
that  the  supply  has  been  overtaken  by  the  demand.  One  year  ago  ties 
were  selling  about  as  cheaply  as  they  had  been  for  10  years  past.  In 
Chicago,  for  instance,  white  oak  ties  were  quoted  at  45  cents  and  cedar 
ties  at  36  cents,  while  now  the  price  of  white  oak  is  60  to  65  cents,  and 
of  cedar  50  cents,  with  talk  of  further  advance.  Eailroad  men,  there- 
fore, are  considering  now  the  use  and  treatment  of  the  cheaper  and 
more  perishable  kinds  of  wood,  which  are  still  abundant. 

There  is  no  longer  any  question  in  the  mind  of  the  writer  that 
chemical  treatment,  applied  thoroughly  and  skilfully,  will  more  than 
double  the  life  of  the  inferior  woods,  and  make  it  equal  or  suj^erior  to 
that  of  the  more  durable  woods  laid  in  their  natural  state.  All  the 
European  experience  has  proved  this,  and  in  spite  of  some  failures, 
due  to  ignorance  of  all  the  conditions  of  success,  American  experience 
is  seen  to  confirm  that  of  the  Eurojieans. 

The  writer  drifted  into  this  business  by  chance  some  14  years 
ago.  He  sees  now  that  he  made  some  mistakes  in  the  beginning,  and 
had  much  to  learn  concerning  the  idiosyncracies  of  various  woods,  so 
that  his  experience  may  be  of  value  to  those  who  may  carry  on  such 
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work  hereafter.     His  first  mistake  consisted  in  the  apprehension  that  Mr.  Chanute. 
strong  solutions  wonld  make  the  ties  tinduly  brittle,  and  in  believing 
that  solutions  of  zinc  chloride  of  2='  Beaume,  or  less,  would  penetrate 
farther  into  the  wood  than  stronger  and  less  limpid  solutions. 

In  1879,  Mr.  B.  F.  Bischoff,  then  in  charge  of  the  tie-preserving 
works  of  the  "Empress  Elizabeth  Eailway,"  of  Austria,  read  an 
elaborate  paper  before  the  Austrian  Railroad  Club,  in  which,  after 
describing  the  then  state  of  the  art,  he  gave  an  account  of  some  experi- 
ments which  he  had  made,  and  which  went  to  show  that  zinc-chloride 
solutions  of  1.7°  Beaume  could  be  forced  into  the  wood  further,  and 
that  they  protected  the  ties  better,  than  solutions  of  3°  Beaume.  He 
instanced,  as  proof,  the  results  cited  by  Mr.  Funk,  in  a  paper  which 
has  remained  a  classic,  concerning  the  life  of  ties  treated  with  solu- 
tions of  2°  Beaume,  and  he  stated  that  the  "Empress  Elizabeth  Eail- 
way "  had  changed  over  from  the  use  of  zinc-chloride  solutions  of 
3°  Beaiime  to  those  of  1. 7°  Beaume.  This  practice,  which  seemed  to 
promise  some  economy,  was  followed  by  many  German  railways, 
but  the  results  were  not  found  satisfactory.  It  was  ascertained 
that  these  railways  did  not  do  as  good  work  as  others,  which  used 
stronger  solutions,  and  the  German  specifications  of  1898  and  1899 
reqiiire  the  use  of  solutions  of  3.5°  Beaume,  and  the  injection  of  0.50 
to  0.55  lbs.  of  dry  zinc  chloride  per  cubic  foot  of  wood. 

In  consequence  of  the  fact  that  American  ties  get  less  seasoning 
than  is  iisual  in  Germany,  the  writer  began  treating  ties  at  Chicago  in 
1886  with  solutions  of  3.5°Beaume,  at  80°  Fahr.,  and  he  has  gradually 
increased  the  strength  to  5°  Beaume,  having  in  the  meantime  learned 
by  experiment  how  to  inject  these  strong  soKitions  without  making 
the  tie  brittle.  Not  one  of  them  has  broken  in  the  track.  He  is  now 
injecting  two  and  a  half  times  as  much  chloride  of  zinc  as  he  did  at 
the  beginning,  and  has  every  reason  to  believe  that  the  results,  with 
ties  treated  since  1896,  will  be  entirely  satisfactory. 

His  second  mistake  consisted  in  assuming  that  there  was  no  great 
difference  in  the  quantity  of  solution  absorbed  by  each  individual  tie 
in  a  run,  and  that  they  might  be  treated  with  success  in  the  order  of 
their  arrival.  Unfortunately,  ties  arrive  in  Chicago  by  vessels  in  vary- 
ing condition;  some  have  been  cut  longer  and  are  better  seasoned  than 
others,  while  particular  cargoes,  or  parts  of  cargoes,  have  been  rafted 
out  to  the  vessels,  and  are  saturated  with  water.  It  was  believed  at 
first  that  these  varying  conditions  could  be  overcome  simply  by 
changing  the  strength  of  the  solution,  from  day  to  day,  to  corresiiond, 
and  that  satisfying  results  would  follow.  This  proved  to  be  an  error, 
and  now  refractory  ties  are  unloaded  ujjon  the  ground  to  season;  some 
70  000  having  been  so  treated  in  1898,  and  some  120  000  in  1899. 
Moreover,  hundreds  of  experiments  with  individual  ties,  made  by 
weighing  them  just  before  and  after  treatment,  have  established  the 
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Mr.  Chanute.  fact  that  there  are  surprising  diflferences  in  the  receptivity  of  various 
kinds  of  wood,  and  of  various  ties  cut  at  the  same  time  and  from  the 
same  forest.  Some  will  absorb  three  times  as  much  as  others,  and,  in 
extreme  cases,  when  both  seasoned  and  unseasoned  ties  are  tested,  the 
differences  are  as  8  to  1.  The  conclusion  drawn  was,  that,  in  order  to 
inject  the  minimum  of  zinc  chloride  guaranteed  in  every  tie,  it  was 
necessary  to  inject  on  an  average  about  three  or  four  times  this  quantity, 
and  this  is  now  being  done. 

This  diff'erence  between  individual  ties  was  found  to  be  greatest 
with  tamarack,  probably  in  consequence  of  the  varying  amount  of 
resin  contained  therein,  and,  after  many  experiments,  the  treatment  of 
ties  of  this  class  was  rehictantly  abandoned. 

Thus  it  is  seen,  that,  simple  as  the  process  appears,  theoretical 
knowledge  alone  is  not  sufficient  to  insure  doing  good  work.  Practical 
experience  is  required  constantly,  and  this  is  acquired  best  with  a  small 
experimental  plant,  with  which  various  methods  may  be  tested  without 
interfering  with  the  regular  runs. 

It  is  unfortunate  that  various  changes  in  the  i^ersonnel  of  the  main- 
tenance-of-way  departments  of  some  of  the  railroads  first  adopting  tie- 
preserving  methods  in  this  country  should  have  produced  discontin- 
uity in  the  records,  but  these  are  suflficient,  as  Mr.  Curtis  has  shown, 
to  i^rove  that  inferior  woods  are  made  more  durable  than  white  oak, 
and  we  may  expect  still  better  results  now  that  experience  has  taught 
us  how  to  do  the  work  better. 

The  writer  is  satisfied  that  his  present  praciice  of  injecting  from 
0.50  to  0..55  lbs.  of  zinc  chloride  per  ciibic  foot  of  wood  is  an  improve- 
ment over  his  earlier  methods.  Also,  that  the  injection  of  three  sep- 
arate solutions  instead  of  two  is  a  decided  improvement.  He  believes 
the  zinc-tannin  process,  thus  aijplied,  to  be  better  than  the  zinc  process 
alone,  and  that  experience  in  regions  of  abundant  rainfall  will  prove 
this  to  be  a  fact.  Burnettizing,  as  we  know,  has  been  abandoned  in 
England,  while  it  is  a  success  in  Germany,  probably  in  consequence 
of  the  difference  in  rainfall  in  those  two  countries. 

In  the  hoj^e  of  learning  still  more  about  the  anomalies  of  various 
woods,  and  the  best  methods  of  treating  them,  the  writer  is  now  about 
to  visit  Europe,  where  far  more  experience  has  been  accumulated  than 
in  America,  and  he  regrets  that  the  present  publication  of  this  valu- 
able paper  will  prevent  this  discussion  from  containing  the  results  of 
his  pending  tour  of  observation. 
Mr.  Curtis.  WALTER  W.  CtJKTis,  M.  Am.  Soc.  C.  E.  (by  letter). — When  the 
author  undertook  the  investigation  of  the  treatment  of  railroad  ties, 
he  was  desirous  of  making  it  complete,  if  possible;  and  for  this  pur- 
pose applied  for  information  to  the  manufacturers  of  all  jjreserving 
materials,  to  all  the  treating  works  in  this  country  and  to  all  the  rail- 
roads which,  as  far  as  he  could  ascertain,  had  ever  experimented  with 
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treated  ties.     The  vulcanizing  jarocess  was  the  only  one,   known  to  Mr.  Curtis, 
him,  not  investigated. 

He  was  favored  with  replies  to  most  of  his  inqiiiries,  and  followed 
up  all  the  avenues  of  investigation  opened.  The  resulting  informa- 
tion regarding  other  preservatives  than  zinc  chloride  was  so  slight  as  to 
be  practically  valueless,  and  he  concluded  to  omit  all  mention  of  them. 

There  is  no  question  of  the  superiority  of  creosoting  over  any 
other  treatment,  but  it  would  be  rather  diflScult  to  prove  it  by  Amer- 
ican records.  On  account  of  the  cost  of  the  treatment,  most  of  the 
creosoted  material  has  been  used  for  other  purposes  than  ties;  and  the 
object  sought  has  been  not  so  much  jirotection  from  decay  as  from 
destruction  by  marine  life. 

Where  creosoted  ties  have  been  used,  generally  no  record  of  them 
has  been  kept,  and  no  accurate  life  for  them  can  be  computed.  No 
figures  comparable,  either  as  to  accuracy  or  number  considered,  with 
those  given  in  the  paper  for  Burnettized  ties  on  the  Southern  Pacific 
or  the  Atchison,  Topeka  and  Santa  Fe  roads,  are  obtainable. 

The  author  does  not  desire  to  be  understood  as  condemning  any  of 
the  processes  now  in  use.  He  simply  could  not  find  sufficient  evi- 
dence to  justify  him  in  jiresenting  them. 

It  is  unfortunate  that  it  is  impossible  to  give  exact  data  covering 
all  the  ties  treated  with  zinc  chloride;  but  it  seems  unwise  and  un- 
scientific to  belittle  what  we  have  because  it  is  not  more.  The  material 
question  is  :  Is  our  information  sufficient  to  enable  us  to  draw  reason- 
ably correct  conclusions— not,  is  it  perfect  ?  The  statement  made  by 
one  gentleman,  that  we  are  no  further  ahead  in  our  knowledge  of  the 
subject  in  1899  than  we  were  in  1885,  in  view  of  the  records  of  the  two 
roads  above  mentioned,  omitting  all  others,  is  absurd. 

Mr.  Lowinson  speaks  of  an  unfavorable  experience  with  Burnettized 
ties  on  the  Erie  Railroad.  This  statement  has  been  the  subject  of  the 
same  critical  examination  given  to  all  in  the  original  investigation ;  and 
it  is  proven  to  be  entirely  in  error.  The  Erie  Railroad  has  made  no 
experiments  with  Burnettized  ties,  except  as  specified  in  the  report  of 
the  Committee  of  1885,  and  as  quoted  in  this  paper.  The  author  is 
advised  by  Mr.  Lowinson  that  his  statement  was  incorrect;  due  either  to 
his  misunderstanding  information  given  him  or  to  misinformation.  To 
the  author  it  seems  probable  that  it  was  due  to  a  confusion  of  processes. 

Replying  further  to  Mr.  Lowinson 's  discussion,  the  distribution 
of  the  chloride  throughout  a  tie  is  quite  uniform.  The  analysis  of  a 
tie  which  had  been  in  service  for  11  years  on  the  Union  Pacific  Rail- 
road, as  given  on  page  311,  showed  the  same  amount  of  the  preserva- 
tive at  the  center  as  at  the  ends  of  the  tie.  In  the  analyses  given  by 
Mr.  Noyes,  on  page  352,  the  percentage  of  chloride  at  the  center  is  but 
little  smaller  than  at  the  ends.  Table  No.  13  shows  very  much  more 
in  the  edges  than  in  the  center;  but  this  is  probably  due  to  the  test 
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Mr.  Curiis.  having  been  made  soon  after  injection.  The  statement  is  made  that 
the  chemicals  diffuse  themselves  throughout  the  timber  after  the 
treatment  has  ceased,  and  while  still  in  solution  before  the  water  has 
evaporated.  No  analyses  are  at  hand,  however,  to  prove  this;  but 
there  is  no  doubt  of  the  uniformity  of  the  injection. 

Generally,  no  measures  are  taken  to  protect  ties  where  cut  or 
bruised  after  treatment.  Undoubtedly,  it  reduces  the  life  when  ties 
are  thus  injured,  but,  the  treatment  not  being  a  superficial  one,  it  is 
perhaps  not  as  serious  as  with  some  other  treatments.  Naturally,  the 
more  surfaces  open  to  attack,  the  more  rapid  the  failure. 

The  author  does  not  say  that  the  transverse  crushing  is  a  negligible 
quantity ;  in  fact,  he  expressed  himself  as  of  the  contrary  opinion. 

It  is  to  be  regretted  that  Mr.  Haines  has  been  able  to  find  so  few 
facts  in  the  i^aper;  it  is  only  necessary,  however,  to  call  attention  to 
his  misunderstanding  of  Mr.  Kruttschnitt's  experience.  The  treat- 
ment of  ties  on  the  Atlantic  System  was  begun  in  1886  under  his  direc- 
tion, and  he  has  given  it  his  continued  attention  ever  since;  so  his 
statements  date  from  that  year,  not  from  1894,  as  Mr.  Haines  states. 

The  data  Mr.  Boggs  gives  for  the  creosoted  ties  on  the  Houston  and 
Texas  Central  Railroad  are  valuable  and  tend  to  confirm  the  general 
opinion  of  the  value  of  creosoted  ties,  when  joroperly  treated.  It  is 
feared,  however,  that  it  is  a  hopeless  task  to  endeavor  to  persuade  our 
railroad  oflScers  to  spend  40  or  50  cents  for  treatment,  how^ever  good  the 
results  may  be. 

Apparently,  the  experience  with  Burnettized  ties,  cited  by  Mr. 
Boggs,  has  little  bearing  on  the  value  of  such  treatment;  the  material 
used  being  so  poor,  or  the  treatment  so  defective,  as  to  permit  physical 
failure  rather  than  decay. 

The  notes  regarding  Swiss  practice,  as  given  by  Mr.  Wagner,  are 
interesting;  but  the  American  public  is  suspicious  of  foreign  data 
unless  they  are  so  complete  as  to  permit  of  an  indejDendent  opinion 
being  formed.  The  conditions  may  be  entirely  different  or  the  conclu- 
sions reached  may  be  based  upon  an  insufficient  number  of  facts;  and 
unless  the  information  comes  from  one  who  has  investigated  the 
situation  personally,  and  who  is  known  to  our  railroad  officers,  it  is 
doubtful  if  any  foreign  data  will  get  much  of  a  hearing  before  them. 

The  near  future  will,  no  doubt,  give  us  more  men  like  Mr.  Noyes, 
who  can  speak  from  long-continued  close  contact  with  the  question. 
He  eiUphasizes  one  of  the  difficulties  mentioned  in  the  original  i^aper, 
viz. ,  the  necessity  for  sound  material.  Many  ties  treated  in  the  past 
have  been  dead  before  they  were  treated,  and  should  have  gone  into 
the  fire  instead  of  the  cylinders.  Careful  inspection  by  exi^erienced 
men  will  greatly  decrease  this  risk,  however;  and  the  rule  should  be 
to  reject  improper  material  whenever  found,  regardless  of  the  number 
of  inspectors  it  may  have  already  passed. 
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The  reason  given  by  Mr.  Noyes  for  the  necessity  of  seasoning  after  Mr.  Curtis, 
treatment  by  the  zinc-tannin  process,  viz.,  to  permit  the  particles  of 
artificial  leather  to  lose  their  water  and  become  hard,  seems  rational. 
There  is  no  doubt,  in  the  author's  mind,  of  the  necessity  for  this 
seasoning  with  either  of  the  zinc-chloride  processes,  but  it  would  seem 
especially  desirable  with  the  double  treatment. 

The  author  has  just  completed  an  experiment  to  demonstrate  what 
difference  in  the  rate  of  absorption  there  might  be  in  timber  treated  in 
various  ways.  A  tie  was  selected,  cut  into  four  pieces,  each  weighing 
exactly  31i  lbs.,  and  numbered  1,  2,  3  and  4.  No.  1  was  steamed  3 
hours  and  placed  in  a  vacuum  of  20  ins.  for  J  hour.  No.  2  was  treated 
the  same,  and,  in  addition,  was  under  100  lbs.  pressure  in  zinc-chloride 
solution  for  3  hours;  in  other  words,  it  was  Burnettized.  No.  3  was 
treated  like  No.  2,  and,  in  addition,  received  the  glue  and  tannin 
treatment.  No.  4  was  left  in  its  original  state.  All  pieces  were  then 
placed  over  the  boilers,  where  they  were  subjected  to  slight  heat  only. 
After  19  days  they  were  weighed  again,  and  then  all  were  immersed  in 
water.  The  resulting  absorption,  after  27  hours,  was  3^  lbs.  for  No.  1, 
3J  lbs.  for  No.  2,  2  lbs.  for  No.  3,  and  3  lbs.  for  No.  4. 

No  conclusive  judgment  can  be  based  on  one  experiment,  but  this 
seems  to  indicate  that  glue  and  tannin  are  effective  in  decreasing  the 
absorptive  power  of  timber.  A  tie  treated  with  these  specimens,  and 
given  the  full  zinc-tannin  treatment,  weighed  163.5  lbs.  before  and 
195.5  lbs.  after  treatment;  and  two  weeks  later,  after  exposure  on  the 
ground,  part  of  the  time  in  the  rain,  weighed  174  lbs.,  showing  how 
rapidly  ties  lose  the  water  of  injection. 

Mr.  Noyes  refers  to  305  exi^erimental  ties  treated  at  Las  Vegas  and 
placed  in  the  tracks  at  North  Topeka  in  1885.  In  1891,  99.3^  were 
still  in  service,  and  only  40  showed  signs  of  decay.  Mr.  Noyes  says 
that  in  1895  all  those  on  the  4o-curve  (153  in  number)  were  taken  out, 
principally  because  of  wear  under  the  rail  and  spike-killing.  Of  the 
152  on  the  tangent,  only  22  were  removed,  leaving  130  still  in.  On 
October  31st,  1896,  81  were  still  in  track.  In  a  letter  to  the  author, 
dated  November  17th,  1898,  Mr.  Dun,  Chief  Engineer,  stated  that 
•81  were  then  in  track,  but  that  they  wei-e  in  bad  condition,  and  would 
soon  have  to  be  removed.  Mr.  Noyes  states,  also,  that  the  average  life  . 
of  white  oak  ties  at  this  point  is  but  7  years.  These  treated  ties  were 
the  New  Mexico  mountain  pine,  having  a  life,  untreated,  of  from  4 
to  5  years.  The  treated  ones  at  North  Topeka  lasted  10  years  on  the 
curve,  and  the  average  life  of  those  on  the  tangent  is  12  years,  thus — 

22  ties  removed  in  1895,  after  10  years 220  years. 

49    "  "         <'  1896,      "11      "     539       " 

81    "    still  in  track, .1898,  but  considered  worn  out, 

after  13  years 1  053       " 

152    "    at  average  life  of  11.92  years 1812       " 


372        Discussroif  on  peesekvation"  of  railroad  ties. 

Mr.  Curtis.  Mr.  Wallace  expresses  very  well  the  view  whicli  railroad  operators 
take  of  all  questions  connected  witli  their  work,  and  it  is  a  view  with 
which  the  author  has  no  disposition  to  find  fault.  To  begin  the  use  of 
treated  ties  on  a  large  scale  means  either  the  investment  of  a  large 
sum  of  money  in  a  plant,  or  the  incurring  of  a  large  liability  to 
private  works  for  a  term  of  years.  When  it  can  be  demonstrated, 
however,  that  good  results  have  been  secured  on  at  least  two  large 
roads,  the  element  of  uncertainty  is  very  largely  removed.  Even  if 
the  experimental  ties  laid  at  La  Junta  and  Topeka,  described  on  page 
306,  and  those  at  North  Topeka,  just  referred  to,  are  rejected  as  being- 
only  experimental,  and  those  on  the  Ft.  Wayne  and  the  Duluth  and 
Iron  Eange  Kailroads  as  being  too  recent,  there  remain  the  records  of 
the  New  Mexico  Division  of  the  Atchison,  Topeka  and  Santa  Fe  Rail- 
road, which  show  that  during  21  months  ending  December  31st,  1898, 
27  694  of  the  ties  treated  in  1885  (being  about  one-fourth  of  the  total 
number  ti-eated  that  year)  were  removed  from  the  tracks,  leaving  a. 
considerable  number  still  in.  The  renewals  on  this  division  of  380  miles, 
for  the  5  years,  1893  to  1897,  averaged  but  217  per  mile  per  year,  while 
with  the  use  of  untreated  oak  ties,  a  renewal  rate  of  350  per  year  would 
not  be  excessive.  Then  on  the  Southern  Pacific  Railroad  93%  of  the  ties 
treated  8  years  before  were  still  in  service.  The  author  has  recently 
received  from  Mr.  Kruttschnitt  data  bringing  the  records  of  this  road 
down  to  July  1st,  1899.  In  Table  No.  8,  the  percentages  of  ties  July  1st, 
1899,  remaining  in  track  were:  After  11  years,  20%;  10  years,  78%;  9 
years,  85%';  8  years,  94 'V;  7  years,  97%,  etc.  In  Table  No.  9,  the  average 
age  of  ties  removed  from  January,  1896,  to  July,  1899,  was  8  years  6 
months,  instead  of  7  years  11  months.  In  Table  No.  10,  the  average  life 
of  ties  removed  during  year  ending  July  1st,  1899,  was  8  years  6  months 
for  the  Glidden  District,  and  9  years  7  months  for  San  Antonio  District. 
This  shows  a  continued  increase  in  the  average  life  of  ties  removed. 

Such  resiilts  cannot  be  called  experimental. 

If  Mr.  Churton  will  re-read  the  paper,  he  will  find  on  pages  304  and 
305  descriptions  of  the  three  processes  in  use  in  1885;  that  the  word 
"  vat  "  occurs  but  once  and  then  in  a  quotation;  and  that  it  is  not  ad- 
mitted that  the  amount  of  chloride  on  the  Southern  Pacific  was  too 
great,  but,  in  the  aiithor's  judgment,  was  less  than  is  desirable. 

The  comparison  of  the  action  of  zinc  on  wood  fiber  with  that  of  iron 
on  cotton,  he  mil  have  to  leave  to  the  chemists.  An  excess  of  iron  in 
the  zinc  will  most  certainly  injure  the  tie,  and  a  very  small  amount  of 
it  constitutes  an  excess.  Mr.  Churton's  idea  as  to  what  constitutes 
sound  timber  when  out  down,  difiers  from  all  authorities  known  to  the 
author.  The  sap  is  a  very  essential  element  to  a  growing  tree,  as  blood 
is  to  a  living  man;  but  the  general  impression  is  that  a  tie  has  the  same 
use  for  sap  that  a  mummy  has  for  blood.  If  Mr.  Churton  knows  of 
any  treating  works  which  have  treated  timber  successfully  without  the 
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nse  of  heat,  it  would  be  interesting  to  know  of  it.     It  would  probably  Mr.  Curtis, 
be  an  improvement  if  it  were  possible. 

Mr.  Eowe's  remarks  about  a  surplusage  of  chemicals  are  deserving 
of  consideration,  particularly  in  view  of  his  long  experience  in  pre- 
servative work.  It  is  well  to  remember,  however,  that  there  is  no  evi- 
dence that  too  much  has  been  injected  in  recent  years  in  this  country, 
to  the  detriment  of  the  timber;  there  is  good  evidence  that  it  does 
gradually  leach  out;  and  the  presumption  is  that  the  only  undesirable 
result,  if  any,  of  a  heavy  injection,  is  the  extra  cost  of  the  treatment. 

It  certainly  seems  to  be  the  part  of  conservatism  to  inject  up  to  J  lb. 
of  dry  chloride  per  cubic  foot  of  timber,  when  such  an  absorption  can 
be  obtained.  The  author  takes  the  same  position  in  regard  to  the  zinc- 
iannin  process,  as  compared  with  Burnettizing,  proper.  The  additional 
cost  of  the  glue  and  tannin  is  justified  in  view  of  the  probable  addi- 
tional life  of  the  ties.  It  will  be  time  to  abandon  it  when  the  Southern 
Pacific  Railroad  has  demonstrated  that  it  can  get  as  long  life  from  its 
Burnettized  ties  in  Oregon  and  Northern  California  as  others  get  from 
the  zinc-tannin  process  in  similar  climates;  or  when  some  superior 
treatment  is  ofi"ered. 

Replying  to  Mr.  Eayrs,  insufiicient  data  was  obtainable  to  cover 
bridge  ties  and  timbers.  So  far  as  the  author  knows,  no  works,  except 
those  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad  at  Las  Yegas, 
are  treating  such  material  with  zinc  chloride.  Mr.  Noyes  writes  that 
he  is  treating  all  their  jjiiing  and  bridge  timbers,  excepting  the 
stringers,  which  are  Oregon  fir,  and  very  durable  in  their  natural  con- 
dition; the  luling  being  used  both  in  wet  and  dry  situations.  The  re- 
sults are  reported  as  satisfactory.  There  is  an  idea  prevalent  in  the  minds 
of  some  who  are  familiar  with  the  treatment,  that  it  is  not  adapted  to 
timber  which  is  exposed,  as  are  bridge  ties.  It  is  suj^posed  that  the  zinc 
may  be  more  readily  washed  out  under  these  conditions;  but  no  evidence 
to  support  the  theory  is  produced;  and  in  the  author's  judgment  it  is 
based  on  a  fallacy.  So  far  as  the  moisture  is  concerned,  he  believes  that 
less  damage  will  be  done  to  bridge  ties  than  to  track  ties.  He  would  not 
advise  the  use  of  Burnettized  timber  for  stringers  but  believes  it  is  well 
adajated  for  use  in  all  other  parts  of  viaducts  or  bridge  floors.  Its  value 
for  piles  exposed  to  water  in  streams  remains  to  be  demonstrated. 

Mr.  Eayrs  is  in  error  as  to  the  expense  of  dapping  and  boring  ties. 
In  connection  with  treatment,  the  ties  can  have  the  rail  seat  dressed  and 
the  spike  holes  bored  for  about  3  cents  per  tie.  This  would,  undoubt- 
edly, add  materially  to  the  life  of  the  ties,  and  is  something  which  will  be 
done  in  future  years,  no  doubt.  The  works  at  Las  Vegas  had  a  dapping 
machine  in  service  some  years  ago,  but  its  use  was  discontinued,  appar- 
ently, because  it  was  considered  unwise  to  be  too  progressive. 

Painting  bridge  ties  wiU  undoubtedly  increase  their  life,  provided 
the  timber  is  thoroughly  dry  when  painted.     Otherwise  it  would  seem 
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Mr.  Curtis,  inimical  rather  than  beneficial.  If  the  ties  have  been  left  too  long  un- 
painted  it  seems  doubtfixl  as  to  its  advantage.  If  the  injection  of  chemi- 
cals entirely  throughout  a  stick  is  unable  to  prevent  its  destruction  if 
decay  has  begun,  what  is  the  probable  chance  of  doing  so  by  the  appli- 
cation of  two  or  three  coats  of  paint  to  its  surface?  It  would  be  danger- 
ous to  draw  any  general  conclusions  as  to  the  effect  of  paint  on  ties  from 
the  success  with  the  long-leaf  yellow  pine  at  St.  Louis.  Poorer  or  differ- 
ent woods  would  probably  show  very  much  less  satisfactory  results. 

Mr.  Selby  has  worked  out  a  very  convenient  and  complete  table  of 
the  relative  costs  of  various  ties.  Where  first-class  oak  ties  can  be 
purchased  for  only  about  10  cents  more  than  it  is  necessary  to  pay  for 
a  tie  suitable  for  treatment,  there  is  no  inducement  to  adopt  the  latter, 
unless  a  very  short  life  is  being  realized  from  the  oaks,  as  on  the 
Atchison,  Topeka  and  Santa  Fe  Railroad,  or  where  the  climatic  condi- 
tions are  such  as  to  justify  the  very  cheap  work  of  the  Southern 
Pacific.  The  author  depends  more  on  the  advancing  prices  of  the  oak 
and  cedar  ties  than  on  economies  demonstrated  by  means  of  calcula- 
tions of  compound-interest  costs,  to  create  a  demand  for  treatment 
works;  not  because  the  latter  are  necessarily  deceptive,  but  out  of 
deference  to  the  conservatism  of  ofiicials. 

The  author  desires  to  make  but  one  criticism  on  Mr.  Chanute's  dis- 
cussion, and  that  is,  in  reference  to  the  use  of  tamarack.  Mr.  Chanute 
found  it  impossible  to  get  as  uniform  absorption  of  the  chemicals  with 
this  material  as  with  hemlock.  Of  course,  the  object  of  treatment  is 
not,  primai'ily,  to  furnish  a  market  for  the  zinc  product  of  the  country, 
but  to  increase  the  average  life  of  all  the  ties  treated.  Before  the  use 
of  treated  tamarack  ties  is  condemned,  it  is  desirable  to  show  that  the 
average  life  secured  is  not  satisfactory.  This  has  not  been  done,  and, 
at  present,  cannot  be  done ;  in  fact,  the  evidence  is  rather  to  the  contrary. 
Mr.  Chanute  being  the  owner  and  operator  of  private  works,  naturally 
desires  to  treat  those  timbers  which  will  take  the  treatment  readily, 
and  does  not  feel  called  upon  to  risk  his  reputation  to  demonstrate  that 
even  a  refractory  material  will  give  good  average  results.  The  author 
believes  that  tamarack  can  be  treated  satisfactorily  and  profitably. 

Since  this  paper  was  presented  to  the  Society  three  of  our  large 
railroads  have  started  the  construction  of  treating  Avorks.  The 
Chicago,  Burlington  and  Quiney  Railroad  has  a  two-cylinder  plant 
under  construction  in  the  Black  Hills  of  South  Dakota;  the  Great 
Northern  Railroad  a  three-cylinder  plant,  and  the  Mexican  Central 
Railroad  a  three-cylinder  plant  in  Mexico.  Mr.  A.  A.  Robinson,  presi- 
dent of  the  Mexican  Central  Railroad,  was  the  General  Manager  and 
Chief  Engineer  of  the  Atchison,  Tojjeka  and  Santa  Fe  Railroad  when 
the  Las  Vegas  plant  was  built  in  1885,  and  it  was  due  to  him  that  the 
road  adopted  the  treatment.  The  construction  of  the  proposed  plant 
in  Mexico  is  the  best  evidence  of  his  satisfaction  with  the  treatment. 
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Subject  for  Discussion. 

"  What  are  the  economic  conditions  under  which  Electricity  may  be 
profitably  substituted  for  Steam  in  the  operation  of  Branch 
Eailroad  Lines,  and  what  are  the  engineering  requirements  to  be 
considered  in  such  substitution  ?  " 


By  Messrs.  H.  S.  Haines,  H.  G.  Pkout,  Oberlin  Srhth,  W.  B.  Reed, 
G.  S.  Davison,  W.  L.  Webb,  J.  James  R.  Croes,  W.  J.  B.-uliDwin, 
D.  C.  Jackson,  Gustav  Lindenthal,  Edward  Wegjiann,  Robert 
MooRE,  C.  W.  Buchholz,  a.  P.  Davis  and  Charles  H.  Davis. 


H.  S.  Haines,  M.  Am.  Soc.  C.  E. — As  the  speaker  is  responsible  for  Mr 
the  submission  of  this  subject  for  discussion  he  will  undertake  to  state 
the  purpose  he  had  in  view  in  suggesting  it. 

Electricity  has  been  gradually  introduced  as  a  motive  jjower  on  rail- 
roads, first  as  a  substitute  for  horse-car  lines  in  cities;  then  into 
continually  widening  areas,  with  the  extension  of  such  lines  into 
suburban  districts;  all  the  time  ottering  more  formidable  comj^etition 
to  steam  railroads,  until  it  has  become  a  question  as  to  its  substitution 
for  steam  on  some  of  these  very  lines. 

This  problem  has  been  attacked  by  one  or  two  of  our  principal  rail- 
road systems  in  what  may  still  be  considered  an  experimental  way, 
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Mr.  Haines,  and  it  would  be  a  matter  of  public  utility  if  the  results  so  far  obtained 
should  be  gathered  together  and  be  made  more  accessible  by  publication 
in  the  Transactions  of  this  Society. 

The  profitable  substitution  of  electricity  for  steam  in  a  railroad 
motor  probably  varies  with  its  application,  whether  to  the  traffic  on  a 
strictly  suburban  branch,  or  to  a  branch  in  a  rural  or  manufacturing 
district.  There  is  also  to  be  considered  the  advisability  of  its  applica- 
tion alternately  with  steam  on  the  same  line.  The  conclusion  seems 
to  have  been  reached  that  this  substitution  can  be  more  profitably 
made  where  it  is  desired  to  move  single  cars  frequently  rather  than 
where  it  is  required  to  move  heavy  trains  at  infrequent  intervals. 

The  speaker  thought  of  this  subject  because  of  a  case  that  occurred 
in  his  own  experience.  In  planning  quite  a  long  main  line,  he  had 
occasion  to  provide  for  several  branch  lines  to  reach  factory  sites  or 
manufacturing  villages,  at  varying  distances  from  the  mainline,  where 
a  mixed  train  making  one  or  two  round  trips  per  day  might  meet  all 
the  requirements,  at  least  for  a  year  or  two  after  the  branch  lines  were 
opened.  In  one  case  it  would  be  practicable  to  obtain  current  from  a 
factory  where  it  was  generated  by  water  power.  In  this  way  his  mind 
was  directed  to  the  subject,  biit  he  was  not  sufficiently  familiar  with 
the  economic  conditions  affecting  the  transmission  of  an  electric 
current  and  its  use  as  a  motive  power  to  determine  the  question 
satisfactorily  to  himself,  and  hence  its  reference  to  the  Society  for 
discussion. 

The  speaker  is  aware  that  there  is  a  j)hase  of  the  discussion  of  this 
subject  which  is  more  appropriate  to  a  conference  of  expert  electricians, 
but  it  is  not  that  phase  which  he  has  presented  here.  It  is  distinctly 
as  an  engineering  problem  that  he  asks  for  a  solution.  There  is  an 
apparent  disinclination  on  the  i>art  of  civil  engineers  to  consider,  as 
api)ertaining  to  their  domain,  the  ajjijlication  of  electricity  in  connec- 
tion with  engineering  works,  in  the  same  way  that  they  accept  and 
discuss  questions  involving  the  use  of  water  or  steam  power. 

As  a  help  to  himself,  and  to  others  similarly  interested,  the  speaker 
would  like  to  have  a  discussion  of  the  conditions  under  which  it  would 
be  advisable  to  operate  by  electricity  a  branch  line  to  a  steam  railroad, 
whether  in  a  suburban,  a  manufacturing,  or  a  rural  district;  the  con- 
ditions including  the  length  of  the  branch,  the  character  and  fre- 
quency of  the  traffic,  the  generation  of  the  electric  current  by  water 
power  or  by  steam,  etc. 

The  subject  should  be  considered,  not  only  with  reference  to  lines 
with  a  large  traffic,  but  also  as  applied  to  branch  lines  oj^erated  only 
by  one  locomotive  with  a  single  train  crew,  making  one  or  two  round 
trips  daily. 

If  these  conditions  can  be  determined  with  approximate  accuracy, 
the  field  for  the  application  of  electricity  will  be  accordingly  extended, 
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and  perhaps  it   will  thereby  become   more  feasible  to   i^rovide  traffic  Mr.  Haines, 
facilities  for  communities,  to  which  they  cannot  be  profitably  extended 
with  steam  as  a  motive  power.* 

Henky*  G.  Pkout,  M.  Am.  Soc.  C.  E. — This  question  is  pre-eminently  Mr.  Prout. 
one  of  traffic  conditions  rather  than  of  strictly  engineering  conditions; 
although  engineering  covers  traffic  conditions.  Under  such  require- 
ments as  Mr.  Haines  has  suggested,  /.  e.,  branch  lines  with  infrequent 
trains,  it  would  not  be  advisable  to  try  to  substitute  electricity  for  steam 
locomotives;  and  it  is  quite  likely  that  during  the  next  few  years  light 
steam  motors  for  such  work  will  be  develojjed. 

The  costly  installation  of  the  New  Yoi-k,  New  Haven  and  Hartford 
Railroad  at  Hartford  and  Berlin,  Conn.,  will  probably  be  found  to  be 
a  very  expensive  and  unremuuerative  experiment.  It  is  said  that  about 
half  of  the  machinery  in  the  power  house  is  lying  idle  and  that  one-car 
trains  are  run  at  intervals  of  twenty  or  twenty-five  minutes.  Under 
such  conditions  it  is  impossible  to  pay  the  interest  on  the  cost  of  the 
installation.  In  other  words,  if  the  traffic  is  in  units  of  considerable 
size  at  infrequent  intervals  the  work  can  be  done  more  cheaply  by 
steam  locomotives  than  by  electricity. 

A  locomotive  which  will  develop  say  1  000  H.-P.  will  cost  (we  will 
assume)  ^10  000,  and  a  power  house  and  plant  to  develop  1  000  H.-P., 
will  cost  i^erhaps  !^80  000.  Thus  it  will  be  seen  that  the  interest  on 
$70  000  has  to  be  earned,  or  accounted  for  in  some  way  by  the  superior 
economies  of  the  electric  installation. 

It  may  be  said  that  there  will  be  a  great  saving  in  the  fuel  account, 
but  careful  analysis,  made  within  the  last  three  years,  has  shown  that 
the  fuel  will  cost  as  much  per  horse-power  delivered  at  the  rim  of  the 
driving  wheel  for  electricity  as  for  a  steam  locomotive.  Although  in  a 
fixed  ijlant  cheaper  fuel  can  be  used,  and  with  all  the  appliances  of 
automatic  stoking,  etc.,  can  be  burned  more  cheaply  than  in  the  steam 
locomotive,  yet  the  losses  in  efficiency  of  the  generator,  in  transmis- 
sion, and  in  the  motor,  are  sufficient  to  overcome  that  saving,  and  by 
the  time  the  jjower  is  delivered  at  the  rail  it  will  have  cost  as  much  in 
coal  as  by  the  locomotive.  This  seems  to  be  a  safe  general  propo- 
sition, although  Mr.  Baker,  General  Superintendent  of  the  Manhattan 
Elevated  Railroad,  has  lately  said  that  many  imjirovements  have  been 
made  within  the  last  year  or  two,  and  greater  efficiency  is  obtained 
from  the  generators  and  motors.  But  even  if  a  saving  in  coal  of,  say, 
50%  can  be  made,  yet,  after  all,  the  fuel  item  in  the  operation  of  a  rail- 
road is  comparatively  small.  Assuming  the  fuel  element  to  be  about 
13%  of  the  total  operating  expenses,  then,  even  if  the  saving  in  this 
item  is  50%",  it  is  evident  that  little  has  been  saved  toward  paying  the 
interest  on  the  expensive  electric  installation. 

If  the  traffic  is  such  that  its  efficiency,  or  commercial  development, 
*  For  further  remarks  by  Mr.  Haines,  see  p.  386. 
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Mr.  Prout.  requires  a  minute  subdivision  of  the  units,  that  is,  a  division  into  very 
small  units  riinning  very  frequently,  in  order  to  induce  traffic  to  move, 
then,  of  course,  electricity  will  wiu,  not  because  it  is  cheaper  than, 
steam,  but  because  it  is  adapted  to  such  minute  subdivision. 
Mr.  Smith.  Oberlin  Smith,  M.  Am.  Soc.  0.  E. — For  several  years  past  the 
speaker  has  publicly  advocated  the  use  of  small  electric  motors  for 
driving  machine  tools  and  other  independent  machines.  Althoiigh  the 
idea  at  flx'st  appeared  somewhat  chimerical,  individual  motors  are  now 
extensively  so  used,  the  system  having  mostly  passed  beyond  the 
expei'imental  and  transitional  stages. 

Railroad  motive  power  is  now  in  a  state  of  transition.  Within  the 
last  ten  years  the  ordinary  street  trolley  line  has  grown  from  a  mere 
experiment  into  a  great  industry,  which  has  not  only  performed  the 
work  of  the  horse-cars  it  displaced,  but  has  created  an  enormous  travel- 
ing habit.  The  time  for  the  universal  use  of  these  motors  on  railroads 
has  not  yet  arrived,  but  the  speaker  believes  that  it  will  come  event- 
ually, in  consequence  of  discoveries  which  will  cheaj)en  the  use  of  fuel 
and  simplify  electrical  machinery;  and  also  because  such  a  method 
will  resiilt  in  greater  convenience  to  travelers,  by  reason  of  more 
smoothness  of  motion,  freedom  from  dust,  smoke,  cinders,  etc.,  and 
facility  for  running  single  cars  (or  short  trains)  at  much  more  frequent 
intervals  than  now.  It  therefore  follows  that  the  use  of  electricity  on 
roads  which  are  at  present  run  by  steam,  will  largely  increase  travel — 
and  the  habit  of  traveling.  Such  improvements  make  car  riding  a 
pleasure  rather  than  the  duty  that  it  now  often  is. 

The  foregoing  remarks  apply  to  travel  on  surface  roads,  at  sj^eeds 
much  the  same  as  now  practiced.  The  change  in  method  has  already 
begun,  and  its  adoption  by  all  railroads  is  simply  a  matter  of  relative 
cost — in  construction,  maintenance  and  operation. 

It  would  seem  probable,  however,  that  in  the  next  generation,  if  not 
in  this,  an  entirely  new  type  of  high-speed  railroad  will  be  devel- 
oped. Mechanically,  the  world  is  ready  to  begin  it — financially,  not 
yet,  for  its  cost  would  be  great.  Upon  some  special  type  of  track, 
confining  the  cars  absolutely  against  derailment,  a  sjjeed  of  120  to  150 
miles  per  hour,  and  j^ossibly  more,  can  doubtless  be  obtained;  and 
it  would  not  seem  to  be  a  very  wonderful  feat  to  cover  the  90  miles 
between  New  York  and  Philadelphia  in  half  or  three-qiiarters  of  an 
hour.  There  are  no  jihysical  or  mechanical  obstacles  which  cannot  be 
overcome  with  our  present  knowledge  and  some  experimenting  with 
details. 

The  danger  of  collision  with  other  objects  can  be  avoided  by  the 
iTse  of  an  elevated  roadway  with  absolutely  no  crossings,  turn-tables  or 
switches;  and  with  the  trains  run  upon  a  positive  electric  block  system, 
in  one  direction  on  one  track. 

The  questions  of  derailment  and  collision  being   obliterated,  the 
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speed  of  trains  will  be  limited  only  by  air  resistance  and  by  the  strength  Mr.  Smith. 
of  the  wheels  to  resist  centrifugal  force — if  wheels  are  used.  If  the  cars 
are  made  long,  narrow,  pointed,  very  smooth  and  properly  jointed 
together  when  in  trains  of  more  than  one,  they  can  jsrobably  be  run  at 
high  speed  without  encountering  such  great  air  resistance  as  would 
make  the  cost  of  power  too  great.  Such  cost,  however,  must  not  be 
based  iipon  present  train  weights  in  relation  to  live  load. 

In  an  article  in  the  Forimi,  for  January,  1891,  the  speaker  showed 
that  the  dead  weight  carried  on  American  railroads,  in  many  cases, 
amounted  to  6  tons  per  j^assenger  on  trains  of  Piillman  cars,  and  that 
a  load  of  1  or  2  tons  per  passenger  is  very  common.  From  a  mechanical 
standpoint  this  excessive  weight  is  not  necessary.  The  bicycle  has 
shown  that  a  person  can  be  carried  over  a  smooth  dirt  road  with  20 
lbs.  of  dead  load,  and  on  an  iron  pathway  this  can  be  further  reduced; 
if  riding  on  a  tricycle  covered  from  the  weather,  as  in  a  car,  this  load 
might  be  150  lbs. ,  or  about  his  own  weight. 

In  this  respect  the  bicycle  has  been  an  object  lesson,  and  has  shown 
that  it  is  possible  for  a  vehicle  to  be  so  delicately  made,  to  have  so 
much  reiinement  in  its  mechanical  design  and  composition,  with 
ball-bearings,  steel  suspension-si^okes,  tubular  frames,  etc.,  that 
our  old  notions  of  wagons  and  cars  appear  absurd  in  comparison, 
esjjecially  when  we  carry  6  tons,  or  even  1  ton,  of  dead  weight  for  each 
passenger. 

It  has  been  demonstrated  that  a  heavy  steam  locomotive  and  train 
can  travel  upwards  of  100  miles  an  hoar,  with  all  the  disadvantages  of  a 
tremendous  load  not  on  the  drivers,  and  a  degree  of  uncertainty  as  to 
whether  or  not  the  train  will  stay  on  the  rails.  If,  however,  such  a 
train  could  be  made  safe  upon  a  surface  road,  at  the  sjjeeds  under  con- 
sideration, and  did  it  not  cost  too  much  for  power,  yet  there  are 
limitations  of  speed  in  respect  to  getting  steam  through  the  ports 
quickly  enough  and  in  working  recij^rocating  members— as  pistons, 
connecting-rods,  etc.  These  limitations  do  not  exist  with  rotating 
electric  motors. 

It  would  seem  likely,  therefore,  that  some  of  us  may  live  to  see  some 
such  railroading  as  has  been  indicated — a  service  safe,  rapid  and  fre- 
quent, developed  at  first  over  short  distances  between  very  large  cities. 
Should  we  succeed  in  adapting  to  the  axles  some  form  of  suitable  roller- 
bearings,  we  Avill  save  as  much  j^ower  as  possible  under  the  circum- 
stances. Should  we,  further,  be  fortunate  enough  to  find  it  practicable 
to  equip  our  wheels  with  rubber  tires,  or  some  yet  to  be  discovered 
equivalent,  we  then  might  get  a  smoothness  and  quietness  of  running 
which  would  indeed  proclaim  the  advent  of  the  ideal  railroad. 

One  reason  why  electricity  works  better  upon  steep  grades  is  that, 
with  the  best  modern  systems,  every  wheel  in  the  train  can  be  made  a 
driving  wheel.     A  train  can  be  comparatively  light,  without  the  dead 
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Smith,  weight  of  a  locomotive,  and  yet  have  sufficient  traction.  With  a  steam 
train  we  not  only  have  the  cars  very  heavy,  especially  Pullman  cars, 
but  we  have  the  big  locomotive  itself  to  drag  up  grades,  with  only  the 
adhesion  due  to  the  weight  of  part  of  the  locomotive,  such  as  happens 
to  be  on  the  drivers.  This  is  evidently  very  different  from  being  able 
to  have  a  very  light  train  and  making  every  wheel  a  driver,  with  every 
l^ound  of  the  train  and  load  contributing  its  share  of  adhesion. 

•.  Reed.  W.  B.  Eeed,  Assoc.  M.  Am.  Soc.  C.  E. — The  discussion,  up  to  this 
point,  has  referred  mainly  to  passengers.  The  question  of  carrying 
freight  in  combination  with  passengers,  upon  electric  lines,  should 
also  be  discussed.  Generally  speaking,  it  has  been  found  that  for 
short  distances  passengers  can  be  carried  more  comfortably  and  more 
cheaply  by  electricity  than  by  steam,  but  in  the  carrying  of  freight 
little  has  been  done  by  electricity  as  yet.  That  is  a  feature  which  will 
grow  in  the  future. 

When  freight  is  to  be  carried  over  passenger  lines  by  electricity  it 
will  have  to  be  taken  through  city  streets,  or  at  least  over  highways, 
and  the  i-ails  should  be  designed  to  meet  the  conditions  of  electric 
cars  which  have  shallow  flanges;  freight  cars  with  deeper  flanges,  and 
which  vary  more  or  less  in  gauge,  requiring  not  only  a  deep  groove 
but  a  wide  flangeway;  and  the  ordinary  vehicle  traffic. 

avison.  G.  S.  Davison,  M.  Am.  Soc.  C.  E. — About  8  or  9  years  ago  the 
speaker  was  in  charge  of  the  construction  of  a  small  branch  line  near 
Pittsburg  which  was  required  to  connect  a  small  manufacturing  town 
with  the  Pittsburg  and  Lake  Erie  Eailroad  and  the  Pennsylvania  lines. 
It  was  an  independent  corporation,  controlled  by  manufacturers  in  the 
town,  and  it  was  equipped  at  first  with  steam  power.  The  president 
of  the  company  conceived  the  idea  that  with  such  cheap  fuel  as  is  to 
be  had  in  that  neighborhood,  and  in  view  of  a  proposed  change  in  the 
future  from  steam  to  water  power,  it  would  be  proper  to  operate 
this  branch  by  electricity  instead  of  steam.  He  experimented  slowly, 
and  equipped  the  line  as  a  trolley  road,  but  separated  the  passenger 
and  freight  traffic,  and  carried  the  former  by  electricity  and  the  latter 
by  steam  locomotives. 

The  speaker  does  not  know  the  results  of  the  operations  of  this 
company,  but  judging  from  later  occurrences  he  believes  that  the 
separation  of  the  passenger  and  freight  service  was  found  to  be  a 
mistake.  In  this  case  the  company  had  ideal  conditions  for  cheap 
fuel,  and  had  also  its  own  electric  power  plant.  It  was  not  necessary 
to  install  a  new  plant,  but  simply  to  add  to  the  old. 

The  road  was  afterward  purchased  by  the  Pittsburg  and  Lake  Erie 
Railroad  Company,  and  is  now  being  operated  as  a  branch  of  that 
road.  The  company,  on  acquiring  this  branch  line  studied  its  opera- 
tion to  determine  whether  it  should  be  conducted  as  an  electric 
line  in  part  or  as  a    whole,  or  whether   it   should  be   operated  as  a 
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steam  road.  As  the  electrical  equipment  was  discarded  and  as  the  Mr.  Davison, 
road  is  now  being  operated  by  steam,  it  may  be  assumed  that  elec- 
tricity was  found  to  be  uneconomical.  The  causes  which  led  to  this 
change  are  not  known  to  the  speaker,  but  he  suggests  that  possibly 
the  trolley  equipment  might  have  been  found  very  inconvenient  when 
operating  the  road  by  steam  as  a  freight  line.  The  third-rail  system 
may  prove  to  be  more  practicable  than  the  trolley  in  such  cases,  but 
the  latter  must  be  excluded  on  account  of  its  inconvenience. 

In  the  vicinity  of  Pittsburg  there  is  a  large  mine  which  is  operated 
for  some  7  miles  back  from  the  point  where  the  coal  is  brought  to 
the  tipple;  the  means  of  bringing  the  coal  to  the  opening  being 
virtually  a  small  branch  railroad.  This  branch  passes  through  several 
tunnels  and  has  been  operated  as  a  steam  railroad  for  a  number  of 
years.  At  the  present  time  the  first  5  miles  of  the  road  is  being 
operated  as  an  electric  line,  using  the  trolley  system,  and  on  the 
remainder  of  the  line,  next  to  where  the  coal  is  broiight  out  to  the 
tipple,  steam  locomotives  are  used.  The  owner  stated  that  the  opera- 
tion had  been  planned  in  that  way,  and  that  they  had  been  justiiied 
in  hauling  the  coal  the  first  distance  by  electricity,  because  the  use  of 
steam  locomotives  in  the  mines  was  detrimental  to  the  health  of  the 
men.  But,  taking  full  account  of  the  cost  of  installation,  power,  etc., 
they  had  not  found  that  it  would  be  cheaper  or  better  to  continue  the 
use  of  the  trolley  to  the  tipjjle. 

The  fuel  of  this  power  station  is  delivered  directly  from  the  mine 
into  the  boiler  house,  and  yet,  on  the  5  miles  operated  by  electricity, 
the  saving  on  fuel  is  so  small  that  the  expense  of  an  electric  equip- 
ment for  the  remaining  2  miles  would  not  be  justified. 

As  the  topic  for  discussion  refers  only  to  the  operation  of  branch 
roads,  in  connection  with  a  main  line,  Mr.  Smith's  proposition  to 
attach  a  motor  to  every  axle  on  the  train  would  seem  to  be  imp7-actic- 
able  as  it  Avould  involve  the  equipment  of  every  car  of  the  trunk 
line  so  that  it  could  be  used  on  the  branch. 

Waltek  L.  Webb,  Assoc.  M.  Am.  Soc.  C.  E. — The  relation  of  grades  Mr.  Webb, 
to  the  question  of  steam  or  electric  operation  has  not  yet  been  touched 
upon  in  this  discussion.  On  a  steam  railroad,  a  grade  of  2%  is  con- 
sidered steep,  while  4:%  marks  almost  the  limit  of  working  on  such 
roads;  yet  on  many  of  the  electric  railroads  in  the  United  States  there 
are  grades  of  10^  and  even  steeper.  On  steam  roads  which  are  steep 
in  some  iilaces  and  flat  in  others  there  is  a  great  waste  of  jjower.  This 
occurs,  not  on  the  heavy  grades  where  the  engines  are  hard  worked, 
but  on  the  light  grades  where  the  great  reserve  power — at  those  points 
doing  practically  no  work— has  to  be  maintained  for  service  on  the 
heavy  grades.  On  an  electric  road  the  amount  of  power  used  is 
almost  proportional  to  the  work  to  be  done,  and  this  is  an  important 
element  in  its  economy.     On  a  railroad  in  a  mountainous  region  it 
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Mr.  Webb,  shoiild  be  possible  to  adojit  a  cheaper  form  of  construction  than  is 
necessary  for  a  steam  road  with  its  requirements  of  low  uniform  grade, 
and  to  use  freely  very  steep  grades  where  desirable.  Assuming  a  fair 
amount  of  traffic,  so  distributed  as  to  keep  the  road  in  uniform 
operation,  electricity  will,  in  many  cases,  prove  more  desirable  than 
steam  locomotives,  taking  into  consideration  the  interest  on  the  cost 
of  the  construction  and  installation,  and  the  expense  of  operation,  and 
this  will  be  true  for  these  reasons  alone,  to  say  nothing  of  the  possible 
economies  consequent  on  a  utilization  of  water-power. 

Mr.  Croes.  J.  Jajies  E.  Ckoes,  M.  Am.  Soc.  C.  E. — The  economical  generation 
of  ijower,  either  steam  or  electric,  implies  a  constant  and  continuous 
operation  of  the  generating  plant.  When  variable  power  is  needed, 
the  generating  plant  must  be  constantly  operated  at  its  maximum 
efficiency.  When  the  work  to  be  accomplished  can  be  distributed 
over  a  continuous  period  of  10  to  24  hours,  the  power  can  be  more 
economically  generated  by  an  indirect  application  through  a  stationary 
plant  than  by  a  direct  application  of  the  fuel  to  the  motor,  as  in  the 
steam  locomotive.  Where,  however,  the  work  involves  a  spasmodic 
application,  occupying  only  a  limited  amount  of  time,  at  irregular 
periods  during  the  day,  the  generation  of  power  by  an  independent 
motor,  capable  of  producing  in  itself  the  power  needed,  is  more  con- 
venient and  more  economical  than  its  production  by  a  central  plant. 

Steam  power  at  the  present  day  can  be  generated  spasmodically 
more  efficiently  than  electric  power.  The  requirements  of  railroad 
service  on  a  line  of  limited  traffic  are  spasmodic,  reaching  a  maximum 
at  certain  hours;  and  until  a  storage  battery  has  been  devised  in  which 
the  power  produced  continuously  can  be  stored  and  iised  for  spasmodic 
application,  which  application  shall  satisfy  a  maximum  call  greater  than 
the  average  efficiency  required  of  the  generating  plant,  electricity  can- 
not be  applied  more  economically  than  steam.  At  present,  it  seems  to 
the  speaker  that  where  the  work  is  spasmodic,  steam  power  is,  and  must 
be,  more  economical  than  electric  power,  for  branch  railroads, 
r.  Baldwin.  WrLiiiAM  J.  BALDWIN,  M.  Am.  Soc.  G.  E. — In  many  States  the 
warming  of  cars  is  obligatory  by  law,  and  the  cost  of  heating  should 
therefore  be  taken  into  consideration  in  a  comi^arison  of  railroad 
operation  by  steam  and  by  electricity.  About  three  years  ago  the 
speaker  had  occasion  to  test  an  electric  heater.  There  was  no  unit 
of  measurement  to  be  determined,  but  the  heater  furnished  was  found, 
by  comparison,  to  agree  with  28  ft.  of  steam-heating  surface.  It  was 
found  that  28  ft.  of  steam-heating  surface  will  condense  about  7  lbs. 
of  water  in  an  hour,  or  about  0.25  H.-P.  The  electric  heater,  prac- 
tically the  equivalent  of  the  heating  surface  mentioned,  required 
between  6  and  7  electric  H.-P.  The  result  of  this  test  indicates  that 
warming  by  electric  heaters  requires  27  or  28  times  the  horse-power 
needed  to  warm  bv  steam. 
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D.  C.  Jackson,  M.  Am.  Soc.  C.  E. — There  is  no  mystery  about  this  Mr.  Jackson, 
matter,  and  Mr.  Croes  has  well  stated  the  case.  It  is  more  economical 
— not  more  efficient — to  generate  power  for  operating  a  railroad  or  a 
group  of  manufacturing  establishments  at  a  central  station  only  when 
the  power  can  be  used  continuoixsly  over  long  hours,  for  the  reason 
that  when  the  traffic  on  the  railroad  or  the  load  on  the  motors  at  the 
manufacturing  establishments  is  continuous,  the  demand  on  the  central 
station  for  power  is  continuovis,  and  the  cost  for  interest  and  labor  per 
horse-power  hoiir  developed  by  the  station  is  brought  to  a  reason- 
able figure.  Where  traffic  requirements  are  intermittent,  it  is  more 
economical  to  operate  a  railroad  by  steam  locomotives.  If  a  plant  of 
1  000  H.-P.,  installed  to  operate  a  branch  railroad  with  freight  traffic, 
is  called  on  for  its  output  for  only  3  hours  of  the  day,  24  hours  of  in- 
terest charges  lie  against  the  3  hours  of  output.  There  are  at  the 
station,  daily,  possibly  10  hours  of  full  labor  and  14  hours  of  one-half 
or  one-third  labor,  and  if  this  is  charged  against  the  3-hour  output,  it 
makes  the  cost  of  operating  the  station,  per  horse-power  hour, 
enormous.  Whether  or  not,  electric  power  may  be  economical  in  various 
cases  is,  as  Mr.  Prout  has  said,  a  matter  of  the  distribution  of  traffic. 

These  remarks  apply  equally  to  electric  power  j^lants  where  the 
prime  power  is  derived  from  steam  engines  or  water  wheels.  The 
larger  cost  of  development  of  a  water-jiower  plant  will  often  cause  an 
excess  interest  charge  which  is  equal  to  the  cost  of  fuel  in  a  steam 
plant  designed  to  do  the  same  work,  and  the  average  small  water- 
power  plant  does  not  embrace  such  economical  advantages  as  are  gen- 
erally ascribed  to  it. 

The  case  of  a  main-line  feeder,  as  put  by  Mr.  Haines,  is  a  special 
case  under  the  general  proposition,  and  under  some  circumstances  it 
is  possible  that  electric  power  can  handle  the  traffic  most  economically. 
These  conditions  would  assume  a  number  of  main-line  feeders,  located 
reasonably  near  a  given  point,  so  that  the  entire  load  of  all  these 
branches  may  be  carried  by  a  central  station,  using  a  fairly  high  trans- 
mitting ijressure.  The  traffic  should  be  broken  into  units  somewhat 
smaller  than  would  be  operated  ordinarily  by  steam  power  direct,  and 
schedules  of  train  movements  should  be  so  arranged  that  the  station 
may  be  fairly  well  loaded  during  at  least  12  hours.  If  the  schedules 
are  so  arranged  that  once  or  twice  during  the  day  a  single  mixed  train 
will  be  rimning  simultaneously  over  each  of  these  branches,  the 
speaker  doubts  if  electric  power,  from  the  point  of  view  of  dollars  and 
cents,  can  ever  compete  with  the  steam  locomotive. 

Referring  to  the  requirements  for  the  electric  heating  of  cars,  some 
of  the  western  electric  street  railways  make  provision  for  turning  into 
the  heaters  during  cold  weather,  as  much  power  as  is  required  to  move 
the  cars.  In  other  words,  in  very  cold  weather,  a  station  output  of 
double  that  necessary  to  handle  the  cars  is  anticipated. 
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Mr.Lindenthai.  GusTAv  LiNDENTHAL,  M.  Am.  Soc.  C.  E. — In  discussing  this  question 
an  important  feature  is  the  ability  to  store  electric  power.  In  recent 
years  several  electric  power  plants  have  been  so  constructed  that,  when 
running  at  a  uniform  rate,  the  power  generated  in  excess  of  current 
demand  could  be  stored  up  in  secondary  batteries  acting  as  reser- 
voirs, to  be  given  out  again  whenever  the  demand  for  power  exceeds 
the  capacity  of  the  plant. 

A  railroad  train  in  descending  a  grade  wastes  power  in  grinding  up 
brake  shoes,  and  heretofore  this  power  has  not  been  stored  in  any 
form.  It  is  possible  to  generate  and  store  that  power  in  the  form  of 
electricity,  which  can  be  used  again  in  hauling  trains  or  cars  up  an 
ascending  grade,  or  for  lighting  or  heating  purposes.  The  speaker 
believes  that  the  feature  of  storing  electric  power  should  have  an 
important  bearing  in  any  comparison  of  the  economies  of  locomotive 
and  electric  traction,  particularly  in  mountainous  countries  where 
coal  may  be  dear  and  water-power  cheap. 
Mr.  Wegmann.  Edwakd  Wegmann,  M.  Am.  Soc.  C.  E. — The  si^eaker  objects  to  the 
statement  that  steeper  grades  can  be  used  on  electric  tramways  than 
on  ordinary  steam  railroads.  While  it  is  undoubtedly  true  that 
steeper  grades  are  used  on  trolley  lines  than  on  ordinary  railroads, 
this  difference  should  not  be  credited  to  electricity  as  against  steam, 
but  to  the  placing  of  a  motor  under  each  car.  If  a  steam  engine  were 
applied  to  a  car  in  this  manner,  the  car  could  be  driven  up  any  of  the 
grades  to  be  found  on  trolley  lines. 

Before  any  trolley  lines  had  been  constructed  the  speaker  had  spent 
two  or  three  years  in  assisting  an  inventor  in  developing  and  introduc- 
ing a  steam  street  car,  which  was  run  successfully  in  Brooklyn.  This 
car,  which  was  propelled  by  a  small  three-cylinder  steam  engine,  placed 
between  the  axles  and  suspended  from  the  car  frame,  was  able  to  run 
up  10%"  grades. 

While  such  a  car  might  be  used  to  advantage,  where  only  a  few  trips 
had  to  be  made  each  day,  it  had  several  disadvantages  compared  with 
trolley  cars:  1st,  The  weight  of  the  boiler  was  objectionable;  2d,  A 
licensed  engineer  was  required  for  each  car.  One  of  the  great  advant- 
ages of  the  trolley  system  is  that  men  of  ordinary  intelligence  can  soon 
be  taught  to  run  the  cars. 

In  the  case  of  pulling  a  train  by  a  special  motor,  the  grade  that 
could  be  overcome  depended,  as  was  well  known,  on  the  weight  on  the 
driving  wheels,  the  rolling  friction  of  the  wheels,  and  the  weight  of 
the  train.  It  made,  therefore,  no  difierence  as  regards  the  grades, 
whether  steam,  electricity,  compressed  air,  or  any  other  motive  power 
were  iised  to  propel  the  motor. 
Mr.  Moore.  RoBEKT  MooBE,  M.  Am.  Soc.  C.  E.  —Each  particular  case  of  this 
kind  must  be  considered  by  itself.  In  the  case  indicated  by  Mr. 
Haines,  in  which  the  power  is  to  be  rented  and  jmid  for,  presumably. 
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by  a  meter,  the  conditions  of  economy  would  be  very  different  from  Mr.  Moore, 

those  in  which  the  railroad  company  would  be  required  to  install  the 

plant,  and  bear  the  cost  of  the  current  whether  it  were  being  used  or 

not.     Therefore  a  proposition  which  would  cover  all  cases  might  be 

very  delusive.     So  far  as  a  general  proposition  can  now  be  made  it 

must  be  substantially  as  indicated  by  Mr.  Prout. 

When  the  conditions  are  those  of  an  urban  traffic  — a  very  large 
number  of  small  trains — electricity  has  abundantly  demonstrated  its 
superiority  over  every  other  form  of  motive  power;  but  when  the 
conditions  are  very  different  from  those  of  urban  traffic — when  the 
trains  are  infrequent  or  heavy — the  speaker  doubts  its  economy,  and 
sees  no  indications  that  it  is  likely  to  be  economical  in  the  near 
future. 

Regarding  the  superior  economy  claimed  for  the  electric  motor  on 
heavy  grades,  the  point  cited  by  Mr.  Wegmann  is  a  siifficient  answer. 
The  i^ower  is  developed  only  by  the  traction  of  the  driver  on  the  rail, 
and  that  is  a  function  of  its  weight;  thus,  there  can  be  no  saving  in 
that  respect.  But  there  is  another  point  which  should  not  be  lightly 
regarded,  the  great  danger,  in  oiierating  on  very  steep  grades,  of  the 
failure  of  brake  power.  Any  such  failure  means  disaster,  as  many 
who  have  had  occasion  to  operate  heavy  grades  well  know. 

In  fact,  if,  with  a  possibility  of  doing  otherwise,  any  one  is 
tempted  to  use  heavy  grades,  the  best  advice  to  follow  is  that  of 
Punch  to  those  about  to  be  married — "  Don't." 

C.  W.  Bttchholz,  M.  Am.  Soc.  C.  E. — The   facts  are  against  the  Mr.  Buchholz. 
assertion  that  the  grades  on  an  electric  road  can  be  steeper  than  on  a 
steam  road.     The  power  of  a  locomotive  depends  upon  its  adhesion  to 
the  rail,  and  it  makes  no  difference  whether  the  power  is  steam  or 
electricity. 

A.  P.  Davis,  Assoc.  M.  Am.  Soc.  C.  E.— This  question  is,  without  Mr.  Davis, 
doubt,  one  of  the  kind  of  traffic,  and  to  one  more  familiar  with 
hydraulics  than  with  railroad  work,  it  appears  to  be  a  matter  of 
saving,  not  20,  40  or  50%"  of  the  fuel,  but  all  of  it.  It  has  been  pointed 
out  that  electric  power  makes  its  best  showing  in  the  mining  regions, 
and  one  of  its  chief  advantages  seems  to  be  that  on  steep  grades  it 
requires  less  deadweight  than  steam  power,  an  important  point  in 
regions  where  steep  grades  are  unavoidable.  In  mountainous  regions 
the  railroads,  both  main  and  branch  lines,  follow  the  streams,  some- 
times of  heavy  fall,  where  water  power  can  be  developed  cheaply.  In 
many  cases  in  the  West  a  water-power  plant  would  not  be  chargeable 
with  the  total  expense  of  the  development,  for  whatever  of  diversion 
works  and  storage  facilities  are  required  are  equally  available  as  parts 
of  an  irrigation  system  which  will  receive  the  water  after  it  has  been 
used  for   power. 

Two  lines  of  railroad  extend  up  the  line  of  the  Arkansas  River, 
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Mr.  Davis  cross  the  Rocky  Mountains  and  follow  the  Grand  River  down  on  the 
other  side.  There,  where  coal  is  much  more  expensive  than  in  the 
East,  is  an  immense  amount  of  power,  constantly  going  to  waste, 
which  might  be  utilized  by  the  electric  system  to  move  those  frequent 
and  heavy  trains.  Undoubtedly,  the  time  is  approaching  when  a 
great  saving  can  be  made  in  equipping  with  electric  power,  not  only 
branch  lines,  but  main  roads  as  well,  through  mountainous  regions, 
where  water  power  is  available.  Improvements  in  the  transmission  of 
power  are  still  possible,  and  the  utilization  of  water-power  in  railroad 
operation  is  mainly  a  question  of  transmission.  As  transmission 
methods  are  improved,  and  as  railroad  traffic  in  such  regions  increases, 
the  advantage  of  electric  over  steam  power  will  be  demonstrated  with 
a  deflniteness  to  which  the  probable  advance  in  the  price  of  fuel 
will  add  its  contribiition. 
Mr.  Haines.  H.  S.  Haines,  M.  Am.  Soc.  C.  E. — This  question  was  suggested  by 
the  sj^eaker  because  he  considered  it  to  be  of  pi'actical  moment,  and 
because  he  desired  to  obtain  from  members  of  the  Society  an  authentic 
expi-ession  of  opinion  as  to  how  far,  in  the  present  state  of  the  art,  it 
Avas  advisable  to  substitute  electricity  for  steam  as  a  motive  power  on 
branch  lines  of  steam  railroads. 

If  electricity  is  used  on  branch  lines  it  must  be  used  in  connection 
with  the  vehicles  in  which  passengers  and  freight  are  transported  on 
the  main  lines.  It  is  not  only  desirable  to  ascertain  what  can  be  done 
with  electricity  under  this  aspect  of  the  case,  but  also  what  cannot  be 
done.  There  is  one  general  proposition  that  all  will  accept,  viz. ,  that 
in  the  present  state  of  the  art  there  is  no  doubt  that  electricity  can  be 
economically  substituted  for  steam  on  a  branch  of  a  steam  railroad 
where  there  are  single  units  of  transjDortation  moving  at  frequent  inter- 
vals, because  the  power  can  be  used  uniformly  and  continuously  and 
because  a  large  plant  is  not  lying  idle  for  the  greater  part  of  the 
time. 

To  state  the  cases  in  which  electric  transmission  cannot  be  applied, 
a  process  of  exclusion  must  be  used;  therefore,  let  it  be  said  that  it 
can  be  applied  economically  on  branch  lines  for  suburban  jDurposes. 
If  that  is  the  case,  it  strengthens  the  steam  railroads  which  have 
suburban  branches  competing  with  trolley  lines.  This  seems  to  have 
been  the  idea  which  has  prevailed  in  the  minds  of  the  management  of 
some  of  the  principal  railroad  systems  operating  out  of  large  centers 
of  jiopulation.  The  speaker  recently  had  occasion  to  talk  this  matter 
over  with  some  of  the  principal  officials  of  the  New  York,  New  Haven 
and  Hartford  Railroad,  who  have  probably  had  more  experience  in  this 
matter  than  anyone  else;  and  the  impression  received  was  that  they 
are  quite  well  satisfied  with  what  they  have  done  thus  far  in  an  exjieri- 
mental  way,  and  they  are  extending  the  system.  There  is  one  jsoint, 
however,  which  they  have  not  yet  determined,  and  that  is,  the  con- 
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ditions  tinder  which  the  third  rail  should  take  the  place  of  the  trolley  Mr.  Haines, 
wire. 

Admitting  that  electricity  can  be  used  economically  on  suburban 
lines  the  next  question  is:  Can  it  be  used  on  branch  lines  under  other 
conditions?  Judging  from  the  preceding  discussion  the  speaker 
believes  that  electric  motors  might  be  used  to  great  advantage  on 
branch  lines  in  a  manufacturing  district,  even  for  handling  freight, 
if  power  can  be  obtained  along  those  lines  from  manufacturers  who 
have  it  to  spare. 

On  a  line  running  into  a  rtiral  district  it  would  seem  hardly  practi- 
cable to  use  electricity,  unless,  as  Mr.  A.  P.  Davis  remarked,  Avater- 
power  could  be  obtained.  That  was  one  of  the  conditions  in  the  case 
which  was  being  considered  by  the  si^eaker.  The  main  line  was  for 
some  miles  parallel  with  a  stream  which  it  was  intended  to  develop  for 
manufacturing  i^urposes;  but  the  line  ran  along  a  ridge  and  the  water- 
power  was  down  in  the  valley.  If  branch  lines  could  be  run  down  into 
the  valley  the  water-power  there  could  jirobably  be  used  more 
economically  than  steam. 

The  speaker  need  not  discuss  the  question  of  heavy  grades,  as  that 
has  been  covered  so  well  by  Mr.  Buchholz.  Unless  by  the  use  of 
electricity  the  traction  can  be  made  stronger  than  the  mere  adhe- 
sion due  to  the  weight  of  the  locomotive,  that  question  need  not  be 
considered. 

To  sum  up,  it  may  be  said  that  in  the  present  state  of  the  art  it  is 
only  admissible  to  ai3ply  electricity  on  what  may  be  called  suburban 
passenger  lines;  except  that  it  may  be  applied  where  power,  for  certain 
local  reasons,  may  be  obtained  more  cheajjly  than  by  means  of  the 
steam  locomotive. 

Charles  Heney  Davis,  M.  Am.  Soc.  C.  E.  (by  letter). — While  the  Mr.  Davis, 
subject  for  discussion  seems  to  be  confined  to  the  application  of  electric 
motive  power  to  branch  steam  railroad  lines,  the  members  speaking 
on  this  subject,  at  the  Annual  Convention,  June  30th,  1899,  are  evi- 
dently interested  in  the  problem  as  a  whole  and  have  not  confined 
themselves  to  "branch  lines."  Claiming  the  same  privilege,  the 
writer  transmits  the  following  as  possibly  throwing  some  light  on  the 
future  development  in  the  use  of  electric  traction,  not  only  on  existing 
steam  railroad  lines,  biit  for  new  high-speed  interurban  transporta- 
tion systems. 

Reversing  the  usual  order,  some  of  the  writer's  conclusions  are 
given  prior  to  the  discussion,  in  order  that  each  step  may  be  followed 
more  readily.  The  figures  and  tables  may  be  found  to  have  some  errors 
(of  which  the  author  will  be  glad  to  be  advised),  and,  in  many  cases, 
are  only  approximate;  so  that  they  must  not  necessarily  be  treated  as 
accurate  in  their  details,  but  they  are  safe  as  to  their  conclusions,  and 
can  be  relied  upon  in  this  respect. 
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{1 )  Steam  railroads  -will,  in  tlie  near  future,  handle  their  suburban 
and  short-distance  interurban  passenger  traffic  and  mail,  express,  bag- 
gage and  light  local  freight  carried  in  said  suburban  and  interurban 
passenger  trains,  by  electric  motive  i^ower;  and  this,  irrespective  of 
whether  operating  expenses  are  affected  favorably  or  unfavorably. 

(2)  Steam  railroads  will  not,  in  the  near  future,  handle  their  freight 
traffic  (other  than  mail,  express,  baggage  and  light  local  freight  carried 
in  suburban  and  interurban  passenger  trains),  and  long-distance  pas- 
senger traffic  by  any  other  motive  power  than  steam  locomotives. 

{3}  Steam  railroads  may,  under  exceptional  conditions  of  large 
volume  and  great  density  of  passenger  traffic  over  distances  longer 
than  under  (i)  and  shorter  than  under  (2),  handle  it  by  electric  motive 
power,  but  such  cases  will  be  infrequent. 

[4]  New  railway  lines,  connecting  very  large  centers  of  population, 
where  frequent  service  at  much  higher  speeds  than  can  be  attained 
now  by  steam  locomotives  on  existing  lines  are  conditions  of  success, 
will  be  operated  by  electric  motors. 

There  are  three  conditions  under  which  suburban  and  short-distance 
interurban  traffic  will  be  handled  profitably  by  steam  railroads  con- 
verting to  electric  traction: 

1.  [a)  "Where  units  can  be  Ught  and  frequent,  and  operated 
over  comparatively  short  distances. 

(b)  Where  gross  receipts  can  be  so  increased  by  the  change 
of  system  and  mode  of  operation  as  to  pay  for  the  increased 
investment  and  possible  increase  in  operating  expenses. 

(c)  Where  competition  of  parallel  electric  roads  compels  the 
change,  to  save  what  traffic  there  is,  irrespective  of  how  operat- 
ing expenses  are  aflfected. 

In  the  future  development  of  steam  railroad  systems  they  will 
eventually  be  operated  jointly  with  surface  electric  railways,  either 
through  actual  mutual  ownershij^  or  by  traffic  contracts,  leases,  etc. 

The  above  conclusions  are  obviously  dependent  upon  what  Mr. 
Prout  properly  defines  as  "  traffic  conditions, "and  not  primarily  engi- 
neering details  or  operating  exj^enses. 

Laws  of  Passenger  Traffic. 

The  laws  of  passenger  movement  are  not  well  defined,  and  many 
of  them  are  illusive  and  hard  to  determine;  the  causes  of  loss  or  gain 
are  often  largely  a  matter  of  individual  judgment,  so  that  the  follow- 
ing outline  of  them  must  not  be  taken  as  in  any  way  exact. 

People  travel  from  one  place  to  another  from  (1),  necessity,  and 
(2),  pleasure  or  whim. 

They  are  induced  to  travel  more  or  less  often  according  to: 

1.    Total  Cost  from  Point  of  Departure  to  Objective  Point  and  Return  to 


DISCUSSION  ON  ELRCTRIGITY  VS.  STEAM  FOR  RAILROADS.      389 


EXPLAXATIOX 

Multlijlier  for 
e  Vertical  Scale 
Total  MUes  of  Track 1  000 

Annual  Increase  of  Mileage 100 

Total  Population  of  the  United  States 1 000  000 

Percentage  of  Increase  of  Population  of  United  States 1 

Density  of  Population  of  the  United  States 1 

"         "  "  "Massachusetts 2 

Total  Urban  Population  of  the  United  States 100  000 

Percentage  of  Urban  to  Total  Population  of  the  United  States H 

Total  Population  of  New  York,New  Jersey  and  Pennsylvania 100  000 

"  Massachusetts 100  000 

"  New  York  City 10000 

"  Brooklyn 10  000 

"   Philadelphia 10  000 

Served  by  N.Y.&  P.R.T.R.R 100  000 
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Mr.  Davis.  Place  of  Beginning. — As  tlie  total  cost  is  reduced,  travel,  due  to  both 
fundamental  causes,  is  increased;  presumably  less  rapidly  than  the 
total  cost  falls.  Note  that  the  important  factor  to  the  passenger  is 
total  cost,  and  not  cost  per  mile  traveled. 

2.  Total  Time  Consumed  in  Making  the  Round  Trip. — As  the  total 
time  consumed  is  reduced,  travel,  due  to  both  fundamental  causes,  is 
increased,  presumably  less  rapidly  than  the  total  time  falls.  Velocity 
of  transportation  is  not  jirimarily  effective  in  inducing  travel,  for  it 
makes  no  difference  to  the  jjassenger  whether  he  be  carried  80  miles  in 
30  minutes  or  only  12  miles. 

3.  Total  Conveniences  Afforded  the  Passenger. — These  may  be  divided 
into: 

(a)  Proximity  of  departure  and  arrival  points  to  possible 
passengers.  As  a  "  leave-at-your-door  "  service  is  approached, 
passenger  traffic  increases,  but  according  to  no  known  ratio  to 
distance.  Wellington  laid  down  an  aijproximate  rule  of  loss  of 
natural  revenue  for  steam  railroads  of  10%  per  mile  of  removal 
,  from  center  of  population  as  a  minimum,  25%  per  mile  as  an 

ordinary  maximum  and  a  much  larger  ijercentage  of  loss,  or  even 
total  loss,  under  ceitain  conditions.  Electric  street  railways  have 
profited  more  by  this  kind  of  service,  which  they  offer  the  public, 
than  from  any  other  reason ;  in  furnishing  it  they  give  frequent 
and  quick  service,  both  of  which  are  of  the  greatest  importance 
in  their  effect  on  passenger  traffic.  Much  less  than  a  mile,  how- 
ever, will  make  or  ruin  the  passenger  traffic  of  a  street  railway. 

(h)  Frequency  of  the  service.  As  the  number  of  trips  in- 
creases, so  will  the  passengers,  but  less  rapidly  than  the  head- 
way is  shortened.  A  frequent  service  means  less  "total  time  "^ 
consumed. 

(c)  Character  of  terminals,  stations,  roadbed,  equipment, 
and,  in  fact,  all  physical  characteristics.  That  transportation 
system  which  offers,  at  the  same  rate  and  time,  better  physical 
conditions,  which  give  comfort  or  even  luxury  to  the  passenger, 
will  not  only  secure  competitive  traffic,  but  induce  that  which 
would  not  otherwise  exist. 

4.  Total  Population. — As  the  population  served  increases,  the  pas- 
senger trips  per  capita  per  annum  increase,  and  somewhat  faster  than 
the  inhabitants,  unless  modified  by  density  and  distribution. 

5.  Density. — As  the  density  increases,  it  is  probable  that  the  rides 
per  capita  per  annum  also  increase,  but  whether  more  or  less  rapidly 
is  uncertain.  * 

6.  Distribution. — A  long,  narrow  town  will  give  more  rides  per  capita 
per  annum  than  a  square  town  having  the  same  population. 

*  In  an  earlier  publication  the  writer  expressed  the  opinion  that  the  increase  was 
less  rapid  than  the  density,  but  wishes  to  leave  this  open  for  further  investigation. 
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EXPLANATION. 

Multiplier  for 
Curve.  Vertical  Scale. 

1.   Total  Miles  of  Track 10 

3.    Annual  Increase  of  Mileage 10 

3.  Total  Capital  Stock,  in  Dollars 500000 

4.  "      Bonded  Debt    "        "        500000 

5.  "      Capitalization"        "        500000 

6.  "  "  per  Mile  of  Track,  in  Dollars  500 


392     DISCUSSION  ON  ELECTRICITY  VS.  STEAM  FOR  RAILROADS. 

Mr.  Davis.  7.  Character  of  the  ludfisiries  and  Population. — The  effect  of  various 
industries  and  the  kind  of  population  must  have  a  decided  effect  on 
the  passenger  traffic,  but  probably  according  to  no  fixed  laws,  and  cer- 
tainly according  to  no  known  laws. 

No  "detailed  defence  "  is  offered  for  these  laws  other  than  what 
support  they  may  obtain  from  the  following  discussion. 

Any  management  of  a  steam  railroad,  in  considering  the  qixestion 
of  adopting  electric  traction,  will  naturally  turn  first  to  data  on  operat- 
ing exijenses,  for,  if  its  use  should  lower  the  cost  per  train  or  car-mile 
enough  to  more  than  pay  interest  on  the  investment,  then  it  would 
be  of  advantage,  even  though  there  were  no  other  inducements,  such 
as  increased  traflBc.  While  comparisons  might  be  made  between  the 
operating  expenses  of  steam  railroads,  which  are  now  well  known,  and 
such  electrically  operated  roads  as  the  Chicago  Elevated  Railways, 
or  the  third-rail  lines  of  the  New  York,  New  Haven  and  Hartford 
Railroad,  yet  there  are  disadvantages  in  doing  so  which  outweigh 
the  apparent  one  of  more  similar  conditions  than  exist  between  the 
ordinary  street  railway  and  the  steam  railroad.  If  it  should  appear 
that  the  operating  expenses  of  electric  street  railways  per  car-mile 
are  less  than  the  cost  per  car-mile  operated  on  steam  railroads, 
one  can  be  certain  that  electrical  ojieration,  api^lied  to  the  latter, 
will  result  in  reduced  expenses.  Whether  or  not  this  reduction 
will  be  enough  to  pay  for  the  change  is  another  question.  For  these 
reasons,  a  comparison  between  the  street  railways  and  steam  rail- 
roads of  the  New  England  States  has  been  taken  as  a  basis  in  this 
discussion. 

To  exhibit  the  relative  merits  of  the  two  systems  of  installations, 
the  following  divisions  are  arranged  in  tabular  form  and  are  treated 
in  order.  The  prefixion  of  the  word  "  electric  "  or  "steam "  indicates 
that  the  item  belongs  exclusively  to  one  or  the  other  system  and  has 
no  counterpart  in  the  other. 

In  comparing  the  steam  and  electric  roads  of  New  England,  we 
are  more  likely  to  arrive  at  correct  conclusions,  as  the  population  is 
more  dense,  the  miles  of  road  greater  i^er  square  mile,  there  are  many 
more  examples  to  study,  and  the  statistics  are  more  accurate  and 
reliable,  and  cover  longer  periods.  The  word  "  Railroad  "  is  used  to 
designate  a  "steam  railroad,"  while  "Railway"  always  indicates  an 
"electric  street  railway,"  following  Massachusetts  precedent;  the 
diff'erence  being  that  the  former  operates  on  its  own  right-of-way, 
while  the  latter  occupies  the  public  highway.  This  distinction  is 
a  desirable  one  to  cultivate,  and  should  be  extended  and  used 
irres^Dective  of  the  mode  of  ojieration;  thus,  a  road  operating  by 
steam,  electricity  or  any  other  motive  power  on  its  own  right-of- 
way  is  a  "railroad,"  and  one  operating  on  a  j)ublic  highway  is  a 
"railway." 
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TABLE   No.  1. 
1.  riEST  COST. 

(«)    RiGHT-Or-WAY   AND   ReAL   EsTATE. 
{b)    CONSTEIJCTION. 

1.  Engineering  and  surveying. 

2.  Clearing. 

H.  Grading,  ditching,  etc. 

4.  Tunnels. 

5.  Masonry,  culverts,  bridges,  trestles. 

6.  Fencing,  cattle- guards,  road-crossings. 

7.  Ballasting. 

8.  Ties. 

9.  Rails. 

10.   Track-laying,  lining  and  surfacing. 
(Electric)   11.  Rail  bonding. 
(Electrii;)   12.  Overhead-trolley  line,  or  third  rail. 

13.  Signals. 

14.  Telegraph. 

15.  Stations  and  all  buildings  (including  buildings  for  central 

power  stations  of  electric  roads). 

16.  Terminals. 

(c)    Equipment. 

(Steam.)       1.  Locomotives  and  tenders. 
(Electric)     2.  Motor  cars  or  electric  locomotives. 

3.  Passenger  cars. 

4.  Freight  cars. 

(Electric)     5.  Electric  feeder  lines  and  ground-return  circuit. 
(Electric)     6.  Central  jjower  stations  (not  including  buildings   which 
are  considered  under  "Construction  "). 

{d)   Genekax. 

1.  Discount  on  bonds. 

2.  Interest  on  bonds,  to  opening  of  road. 

3.  Taxes,  to  opening  of  road. 

4.  OflSce  expenses,  salaries,  etc.,  to  opening  of  road. 

5.  Contingent  and  miscellaneous,  not  itemized,  to  opening 

of  road. 

2.  TOTAL  EXPENSES. 
(a)  Maintenance  and  Renewal,  of  Way  and  Works. 

1.  Repairs  of  earthwork  to  subgrade. 

2.  Repairs  of  track. 

3.  Repairs  offences,  cattleguards,  crossings,  etc. 
(Electric)     4.  Repairs  of  ground-return  circuit. 

(Electric)     5.  Repairs  of  overhead-trolley  line,  or  third  rail. 

(Electric)     6.  Repairs  of  electric  feeder  lines. 

7.  Renewals  of  rails. 

8.  Renewals  of  ties. 

9.  Renewals  of  ballast. 

(Electric)   10.  Renewals  of  poles,  or  insulation  of  third  rail. 
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(Electric]   11.  Renewals  of  trolley,  or  third  rail. 

(Electric)   12.  Renewals  of  feeders. 

13.  Repairs  of  masonry,  bridges,  trestles. 

14.  Repairs  of  buildings. 

15.  Repairs  of  signals. 

{b)  Tkaxn  Expenses. 

(Steam)        1.  Fuel  for  locomotives. 
(Electric)     2.  Fuel  for  power  stations. 

3.  Water  supply. 

4.  Oil  and  waste. 

(Steam)        5.  Repairs  and  maintenance  of  locomotives  and  tenders. 
(Electric)     6.  Repairs   and   maintenance   of    motor    cars    or   electric 
locomotives. 

7.  Repairs  and  maintenance  of  passenger  cars. 

8.  Repairs  and  maintenance  of  freight  cars. 

9.  Use  of  foreign  passenger  and  freight  cars. 
(Steam)      10.  Locomotive  services  (wages). 

(Electric)  11.  Motor  car  or  electric  locomotive  services  (wages). 

12.  Passenger- train  services  (wages). 

13.  Freight-train  services  (wages). 
(Electric)   14.   Repairs  and  maintenance  of  jiower  stations. 
(Electric)   15.  Power-station  services  (wages). 

(c)  Station,  Tekminal,  Taxes  and  GENEKAii  Expenses. 

1.  Agents  and  station  services  (wages). 

2.  Station  supplies. 

3.  Telegraph. 

4.  Taxes. 

5.  General  officers  and  clerks. 

6.  Legal. 

7.  Insurance. 

8.  Stationery  and  printing. 

9.  Agencies  and  advertising. 

10.  Contingent  and  miscellaneous,  not  included  above. 

(d)  Accidents,  Loss  and  Damages. 

1.  To  freight. 

2.  To  passengers. 

3.  To  property  owned. 

4.  To  property  not  owned. 

(e)  Interest  Account. 
(/)  Fixed  Chabges. 

1.  Interest  on  bonds. 

2.  Rentals. 

{g)    Dividends. 

3.  GROSS  RECEIPTS. 

1 .  Passenger  receii^ts. 

2.  Freight  receipts. 

3.  Miscellaneous  receipts. 


396     DISCUSSION  ON  ELECTKICITY  vs.  STEAM  FOR  RAILROADS. 

1.  First  Cost. 
Mr.  Davis.        We  shall  consider  a  new  line  nnder  steam-railroad  conditions,  first, 
and  then  a  change  of  system  on  an  existing  railroad. 

The  first  cost  of  (a)  "  Eight-of -Way  and  Eeal  Estate  "  cannot  be 
afltected  by  any  particular  motive  power  unless  the  use  of  electric 
traction  permits  the  use  of  sharper  curves  and  heavier  grades,  thus 
avoiding  large  cuts  or  fills.  While  a  coujjled  locomotive  undoubtedly 
increases  "curve  resistance,"  this  is  not  sufficient  to  be  of  any  great 
moment.  If  electric  motors  are  applied  to  every  car  axle,  then  trains 
of  the  same  weight,  moved  by  electricity,  can  surmount  heavier 
grades  than  with  locomotives  or  can  joass  over  the  same  grades  at 
higher  speeds.  Hill  climbing  is  a  matter  of  traction  between  driven 
wheels  and  rails,  and  the  sustained  horse-power  of  the  motor  or 
locomotive.  With  the  power  applied  to  every  axle,  there  is  no  part 
of  the  load  which  remains  unutilized  for  traction,  but  this  cannot  be 
done  by  the  application  of  steam,  and  has,  as  yet,  been  only  partially 
successful  with  electric  motors.  With  the  latter,  their  maximum 
power  can  be  called  ujaon  for  an  indefinite  time,  because  they  do  not 
give  out  at  the  top  of  a  long,  heavy  grade.  This  advantage  of  electric 
ti-action  is,  however,  only  apparent;  first,  because  long  trains  are  not 
yet  satisfactorily  controlled  where  motors  are  put  on  every  axle,  and 
short  trains  of  two  to  five  cars  have  only  half  the  axles  supplied  with 
power  in  present  practice;  and  second,  electricity  being  confined  to 
suburban  and  interurban  short  hauls  between  large  centers  of  popu- 
lation, the  additional  cost  of  avoiding  heavy  grades  is  comjDaratively 
small,  and  furthermore,  if  they  are  not  avoided  the  loss  in  time  would 
result  in  a  correspondingly  larger  loss  of  revenue. 

Under  [b]  "  Construction  "  we  find  that  items  11  and  12  apply  to 
electric  traction  only,  while  there  are  no  items  applying  to  steam- 
locomotive  traction  only.  These  items  might  have  been  placed  under 
the  heading  "  equipment,"  as  jiart  of  the  things  necessary  in  electric 
traction  to  replace  steam  locomotives  and  which  could  be  added  to 
motor  cars  or  electric  locomotives  as  equipment  for  an  electric  road. 
This  phase  of  the  question  will  be  discussed  under  the  heading 
"equipment."  The  engineering  of  an  electric  line  might  cost  more 
than  that  of  a  steam  road,  but  not  necessarily;  if  the  chief  engineer 
was  a  competent  railroad  man  with  a  thorough  knowledge  of  electrical 
engineering,  the  cost  would  be  the  same;  otherwise  it  w^ould  be 
increased  by  that  amount  paid  an  assistant  engineer  with  special 
electrical  knowledge,  unless  the  line  was  costly  enough  to  warrant 
several  assistant  engineers,  one  of  whom  could  be  versed  in  electrical 
matters. 

The  cost  of  surveying  work,  consisting  of  reconnaissance,  explora- 
tion line  ("shoo-fly"),  i^reliminary,  location,  and  their  modifications 
or  extensions,  depending  upon  the  importance  of  the  line,  its  cost, 
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EXPLANATION 


Curve. 


Multipliei-  for 
Vertical  Scale. 


1.  Gross  Traffic  Earnings,  in  Dollars . 100  000 

2.  Total  Interest  on  Bonded  Debt,  in  Dollars 10  000 

3.  "      Dividends  on  Capital  Stock,  in  Dollars 10  000 

i.    Gross  Traffic  Earnings  per  Mile  of  Track,  in  Dollars 100 

5.  Percentage  of  Expenses  to  Gross  Earnings 1 

6.  "  "  Interest   paid  on  Bonded  Debt Vio 

17.  "  "  Dividends  "      "   Capital  Stock '/lo 

8.  Gross  Earnings  per  Revenue  Train-MUe  (Car-Mile ),  in  cents        1 

9.  "     Expenses  "  "            "         "          "       "        "      "           1 
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Mr.  Davis,  character  of  city  aud  country,  etc.,  would  be  the  same  in  either  of  the 
cases  under  discussion  for  any  sjiecific  example.  The  cost  of  clearing, 
grading,  ditching,  tunnels,  masonry,  culverts,  fencing,  cattle-guards, 
and  those  parts  of  the  system  pertaining  to  these  general  items,  is  not 
affected  by  the  choice  of  system.  It  might  be  thoiight,  at  first,  that 
the  cost  of  masonry  would  be  affected  if  lighter  bridges  and  trestles 
could  be  used  with  electric  traction,  but  the  weight  and  size  of 
masonry  abutments,  piers,  footings,  etc.,  would  hardly  be  affected  by 
any  slight  changes  in  the  moving  load,  for  they  are  much  more 
dependent  upon  the  weight  of  the  earth  embankment  which  they 
support  and  the  character  of  the  ground  upon  which  they  are  built, 
together  with  their  height  and  length.  If  they  perform  all  their  other 
fimctions  according  to  the  best  engineering  practice,  they  will  usually 
be  found  far  more  substantial  than,  theoretically,  they  need  to  be,  in 
order  to  uphold  the  weight  of  the  superstructure.  Eoad  crossings 
will  be  the  same;  (the  additional  cost  of  connecting  a  "broken" 
third-rail  system  being  included  under  item  12. ) 

In  the  design  of  bridges  and  trestles,  the  principal  elements  which 
determine  their  cost  are  the  span,  dead  weight,  live  uniform-load, 
concentrated  live-load  at  head  of  trains  (locomotive  and  tender),  the 
speed  of  trains,  and  the  "hammer-blow"  of  the  reciprocating  parts 
of  a  steam  locomotive,  especially  when  it  coincides  with  the  j^eriod  of 
oscillation  of  a  bridge  (very  objectionable  on  bridges  which  are  too 
light).  Electric  motors,  either  geared  to  the  axles  or  gearless  (con- 
centric with  the  axle),  have  a  rotative  motion,  and  therefore  do  not 
produce  the  "hammer-blow."  Owing  to  the  peculiar  construction  of 
the  electric  locomotive  or  motor  car,  a  greater  proportion  of  the  total 
weight  is  on  the  driving  wheels  than  is  the  case  with  steam  loco- 
motives; therefore,  with  the  same  tractive  effect  (weight  on  drivers), 
the  use  of  electric  locomotives  or  motor  cars  reduces  the  moving 
weight  at  the  head  of  the  train,  and  the  weight  of  the  tender  is  saved 
by  the  use  of  electricity.  These  three  facts,  theoretically,  would 
enable  bridges  and  trestles  to  be  built  lighter  for  roads  using  electric 
motors,  i^roviding  the  loads  were  not  concentrated  upon  a  smaller 
wheel  base,  were  it  not  for  the  fact  that  the  necessity  of  providing  for 
constantly  increasing  weights  practically  offsets  the  theoretical  saving 
which  might  be  made.  If  motors  were  used  on  every  car  of  the  train, 
such  structures  might  be  designed  so  as  to  be  lighter  and  less  costly, 
but,  for  reasons  stated,  this  is  unlikely.  In  addition,  if  freight 
service  should  continue  to  be  handled  by  locomotives  on  the  same 
tracks  or  adjoining  ones,  lighter  bridges  would  not  be  possible. 

The  cost  of  ballasting,  ties,  rails  and  track-laying,  lining  and 
surfacing  will  be  the  same  in  either  case  (drilling  rails  for  bonding  is 
covered  by  item  11),  although  a  small  saving  in  maintenance  of  these 
items    is    possible    for    electric     traction    (discussed    under    "total 
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EXPLANATION.  Multiplier  for 

Qyjyg  Vertical  Scale. 

1.  Gross  Traffic  Earnings,  in  Dollars 1  000  000 

2.  Total  Interest  on  Bonded  Debt,  in  Dollars 100  000 

3.  "      Dividends  on  Capital  Stock,  in  Dollars 100  000 

i.   Gross  Traffic  Earnings  per  Mile  of  Track,  in  Dollars 100 

5.  Percentage  of  Expenses  to  Gross  Earnings -1 

6.  .'  "Interest    Paid  on  Bonded  Debt /lo 

7'  ..  "Dividends    "     "  Capital  Stock % 

8.  Gross  Earnings  per  Revenue  Train- Mile,  in  Cents 1 

9.  "     Expenses   "  "  "         "      "      "     

10.  Percentage  of  Passenger  Earnings  to  Gross  Earnings M 

11.  "  "   Freight  "         "       "  "        ^ 

12  "  "    Interest  and  Dividends  paid  on  1 

Capital  Stock  and  Bonded  Debt  ' 
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Mr.  Davis,  expense"),  wliicli  indicates  that  the  first  cost  could  be  reduced  for  the 
same  cost  of  operating;  yet,  as  this  would  be  poor  economy,  the 
quality,  weight  and  general  character  should  be  the  same  in  either 
case.  By  the  use  of  electricity  it  might,  at  first,  appear  that  the  signal 
and  telegraph  system  would  be  reduced  in  first  cost,  but  the  only 
possible  saving  would  be  in  the  source  of  the  current  used,  which 
forms  so  small  a  percentage  of  the  whole  that  for  our  purposes  any 
difference  can  be  neglected. 

Stations  would  cost  the  same  under  similar  conditions,  whether 
steam  or  electricity  were  used,  although  the  electric  road  requires 
buildings  for  its  centralized  motive-power  plant  (that  is,  all  but  the 
transmission  line  and  motors)  which  are  not  a  burden  on  the  steam 
road,  yet  these  are  no  doubt  balanced  by  round  houses,  coal  stations, 
water  stations  and  the  larger  machine  shops  required  for  steam  locomo- 
tive repairs.     Terminals  will  cost  the  same,  whichever  system  is  used. 

So  far,  we  have  found  that  the  first  cost  of  construction  is  substan- 
tially the  same,  whether  steam  locomotives  or  electric  motors  are  used, 
but,  if  the  latter  are  adopted,  some  additional  work  is  necessary, 
namely,  (11)  rail  bonding  and  (12)  overhead -trolley  line  or  third  rail. 
It  will  at  once  be  seen  that  these  items  add  considerably  to  the  cost  of 
construction  of  an  electric  road,  as  comjaared  with  that  of  a  road 
operated  by  steam  locomotives. 

As  an  example,  which  will  show,  in  a  general  way,  the  increased 
cost  of  electric-traction  construction,  let  us  assume,  without  any 
pretension  to  exactness,  for  each  individual  case  will  diff"er  in  the 
amount  of  increased  cost,  that  the  line  is  single  track,  one  mile  long; 
average  speed  of  trains  (including  stoj^s)  20  miles  per  hour;  headway, 
one  minute;  length,  six  cars  (one  being  a  motor  car);  total  weight  of 
train,  200  tons  when  loaded  to  ultimate  capacity;  rails,  90  lbs.  per 
yard;  average  nominal  horse-power,  300  per  train  (will  exert  450  H.- 
P. ,  or  even  more,  if  required  for  short  periods);  total  maximum 
average  nominal  horse-power  jaer  mile  of  track  (one  way)  at  above 
headway,  900;  average  loss  in  transmission,  20%";  assumed  average 
nominal  horse-power  at  station,  1  125  (allowing  for  loss  and  including 
surplus  power),  located  at  one  end  of  the  line.  With  these  assump- 
tions, we  have  the  following  approximate  additional  cost  for  construc- 
tion, if  electricity  is  used.  The  electric  return  circuit  would  consist 
of  the  two  lines  of  rail  properly  bonded  with  copper  wires,  two  4/0  B. 
&  S.  G.  wires  to  each  rail  joint,  which  would  cost  (coi3per,  15  cents 
per  pound),  complete  in  place,  including  terminals  and  drilling  rails, 
70  cents  each  bond,  or  a  total  of  $497.  To  this  must  be  added  the 
cross-bonding  of  the  lines  of  rails,  which  varies  much  in  j)ractice.  For 
our  case  we  assume  that  this  is  unnecessary,  if  the  bonds  at  the  joints 
are  properly  made,  and  maintained  with  the  care  disjjlayed  on  other 
parts    of  the  system.     The   overhead-trolley  line  would  be  of  iron 
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EXPLANATION. 


Multiplier  for 
Vertical  Scale. 


Curve. 

1.  Passenger  Train-Miles   (Car-Miles.) 1  000  000 

2.  Total  Passengers  Carried 2  000  000 

4.    Gross  Passenger  Earnings.  (Same  as  Curve  1,  Fig.i) 

6.  Receipts  per  Passenger  Carried,  in  Cents /lo 

7.  "  "  "  Train-Mile.  (Same  as  Curve  8,  Fig.  4), 

8.  "  "    Mile  of  Track.  (Same  as  Curve  1,  Fig.  1). 

9.  Number  of  Passengers  Carried  per  MUe  of  Track 2  000 

11.  Passenger  Rides  per  Capita  per  Annum 1 

12.  Receipts  per  Capita  per  Annum,  in  Dollars /lo 
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Mr.  Davis,  poles,  center-coustriiction  (assumiug  that  there  would  be  a  double 
track);  trolley  wire  423  200  circular  mils;  poles  set  every  100  ft.,  each 
weighing  1  300  lbs.  (30  ft.  by  Sins,  and  7  ins.  and  6 ins.)  set  in  concrete, 
would  cost  for  one  mile,  approximately,  $3  237  (one-half  of  poles  with 
brackets  and  feeder  supjjorts,  etc.,  set  at  $50  each;  trolley  6  748  lbs., 
at  15  cents;  special  line  material,  .^500;  labor,  $400). 

To  recapitulate:  One  mile  of  track  equipped  electrically  will  cost: 

(11)  Eail  bonding.     In  this  case  the  cost   of  ground- 

return  circuit  is  not  an  extra  cost  against  the 
electric  road,  for  the  rails  are  used,  they  having 
sufficient  capacity  to  carry  the  current.  (See 
Equipment) $497 

(12)  Overhead-trolley  line 3  237 

Total    extra    per    mile   for    electric    trolley 

railroad i$3  734 

If  a  third-rail  system  were  used,  which  is  probable  where  the  road 
is  on  its  own  right-of-way  and  where  high  speeds  and  frequent  service 
are  necessary  together  with  longer  and  heavier  trains  than  the  single 
cars  of  a  railway  system,  then  the  increased  cost  would  be  aj^proxi- 
mately : 

(11)  Eail  bonding,  as  before  $497 

(12)  70.7  tons  90-lb.  third-rail,  special  section,  at  $30. .        2  121 

528  treated  wooden  supports  at  $1 528 

176  joints  to  bond,  at  $3 528 

Laying,  at  5  cents  per  foot 264 

Total  extra  per   mile  for   third-rail  electric 

railroad $3  938 

The  ai)parent  difference  in  favor  of  the  overhead  trolley  must  not 
be  assumed  to  exist  generally;  accidentally,  it  happens  to  be  less  in 
the  first  case  than  in  the  second,  while  usually,  on  long  lines  with 
dense  traffic,  the  reverse  would  be  true. 

There  being  no  items  api^licable  exclusively  to  steam  railroads,  to 
balance  (11)  and  (12),  it  is  seen  that  the  first  cost  of  construction  of  an 
electric  road  will  be  greater  and  that  this  increase  will  amount  to 
several  thousand  dollars  per  mile  of  track,  depending  iipon  the 
conditions  existing  in  each  case. 

Under  (c)  "Equipment,"  if  the  road  is  to  be  equipped  to  operate 
freight  trains  by  electric  power,  there  are  two  possible  ways  of  doing 
so;  first,  by  using  the  present  style  of  freight  cars  and  hauling  them 
by  electric  locomotives;  or  second,  by  equipping  each  car  with  motors, 
thus  making  each  an  independent  unit.  The  latter  would  only  be 
feasible  could  the  units  be  coupled  together  and  controlled  at  the 
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EXPLANATION. 

Multiplier  for 
Curve.  Vertical  Scale. 

1.  Passenger  Train-Miles 1  000  000 

2.  Total  Passengers  Carried 1  000  000 

3.  Passengers  Carried  one  Mile 10  000  000 

i.   Gross  Passenger  Earnings,  in  Dollars 1  000  000 

5.  Receipts  per  Passenger  per  Mile  Carried,  in  Cents }/jo 

6.  "  "  "         Carried,  in  Cents 1 

7.  "  "  "  Train-Mile,  in  Cents 1 

8.  - "  "    MDe  of  Track,  in  Dollars 100 

9.  Number  of  Passengers  Carried  per  Mile  of  Track 100 

10.  Miles  Traveled  per  Passenger . —  }4 

11.  Passenger  Rides  per  Capita  per  Annum 1 

12.  Receipts  per  Capita  per  Annum,  in  Dollars '/lo 
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EXPLANATION  OF  FIG.  8. 

Curves  Deduced  from  Fig.  2.  Multiplier  for 

Curve.  Vertical  Scale. 

1.  Total  Miles  of  Track 100 

2.  Annual  Increase  of  Mileage 100 

3.  Total  Capital  Stock,  in  Dollars 500  000 

4.  '•      Bonded  Debt,    "         '•      500  000 

5.  "      Capitalization,'-         "      1000  000 

6.  "  "  per  Mile  of  Track  Owned,  in  dollars 500 

Curves  Deduced  from  Feg.  4. 

1.  Gross  Traffic  Earnings,  in  Dollars 1  000  000 

2.  Total  Interest  on  Bonded  Debt,  in  Dollars 100  000 

3.  '■      Dividends  on  Capital  Stock,  in  Dollars 100  000 

4.  Gross  Traffic  Earnings  per  Mile  of  Railroad,  in  Dollars 100 

5.  Percentage  of  Expenses  to  Gross  Earnings 1 

6.  "  '•  Interest  Paid  on  Bonded  Debt j\ 

7.  "  "  Dividends  Paid  on  Capital  Stock y'o 

8.  Gross  Earnings  per  Revenue  Train-Mile  (Car-Mile)  in  Cents 1 

9.  "      Expenses    "  "  "       "         '•       "       '•       '•    i 

Curves  Deduced  from  Fig.  6. 

1.  Passenger  Train-Miles  (Car-Miles) 1  000  000 

2.  Total  Passengers  Carried 10  000  000 

4.  Gross  Passenger  Earnings  (Same  as  Curve  1,  Fig.  4) 

6.  Receipts  per  Passenger  Carried,  in  Cents ,V 

7.  "  "  "  Train-Mile  (Same  as  Curve  8,  Fig.  4) 

8.  "  ''     Mile  of  Railroad  (Same  as  Curve  4,  Fig.  4) 

9.  Number  of  Passengei:s  Carried  per  Mile  of  Railroad 10  000 

11.  Passenger  Rides  per  Capita  per  Annum 1 

12.  Receipts  per  Capita  per  Annum,  in  Dollars xV 

head  of  tlie  train;  but  imagine  interchanging  and  making  up  a  train 
of  50  to  100  cars  arranged  in  this  way  by  any  present  known  mode  of 
electric  equipment,  control  and  propulsion;  no  arguments  seem 
necessary  to  show  the  folly  of  attempting  it  to-day.  The  only 
feasible  method  is  evidently  by  electric  locomotives  at  the  head  of 
such  trains.  The  best  practical  example  of  this  mode  of  operation  is 
given  in  the  Baltimore  Tunnel  of  the  Baltimore  and  Ohio  Kailroad, 
where  100-ton  electric  locomotives  haul  freight  and  passenger  trains, 
together  with  their  steam  locomotives.  They  do  the  work  satis- 
factorily, but  the  writer  has  seen  no  claims  advanced  to  show  that 
they  are  economical;  in  fact,  the  only  defence  for  their  use  is  one  of 
cleanliness  and  ventilation  in  the  tunnel,  which  is  more  satisfactory  to 
passenger  traffic,  and  undoubtedly  attracts  and  stimulates  it.  The 
installation  cost,  if  the  writer's  memory  serves,  over  $2  000  000  for  a  few 
miles  of  track;  so  that  the  interest  on  this  sum  is  much  more  than 
enough  to  offset  any  saving  in  operation,  if  even  the  latter  can  be  shown. 
This  is  extremely  doubtful.  Such  an  investment  could  not  be  justified 
on  any  grounds  if  only  freight  were  handled,  although  it  may  be  by  an 
increase  in  the  passenger  traffic.  Freight  trains  are  slow-moving,  heavy 
units,  requiring  large  powers  constantly  applied,  and  are  run  at  com- 
paratively infrequent  intervals.      The  effort  of  all  steam  railroad  man- 
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Curves  deduced  from  Fig.  2 


Curves  deduced  from  Fig. 

Fig.  8. 


Curves  deduced  from  Fig.  e 
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EXPLANATION  OF  FIG.  9. 

Curves  Deduced  from  Fig.  3.  Multiplier  for 

Curve.  Vertical  Scale. 

1.  Total  Miles  of  Track 100 

2.  Annual  Increase  of  Mileage 10 

3.  Total  Capital  Stock,  in  Dollars 10  000  000 

4.  "      Bonded  Debt,   "        "       1000  000 

5.  "      Capitalization,"        "      MO  000  000 

6.  "  •'  per  mile  of  Railroad,  in  Dollars 1000 

Curves  Deduced  from  Fig.  5. 

1.  Gross  TrafiSc  Earnings,  in  Dollars 1  000  000 

2.  Total  Interest  on  Bonded  Debt,  in  Dollars 100  000 

3.  "      Dividends  on  Capital  Stock,  in  Dollars 100  000 

4.  Gross  Traffic  Earnings  per  Mile  of  Railroad,  in  Dollars 100 

5.  Percentage  of  Expenses  to  Gross  Earnings 1 

6.  "  ■'   Interest  Paid  on  Bonded  Debt i^, 

7.  "•  "  Dividends    "      "  Capital  Stock ^ 

8.  Gross  Earnings  per  Revenue  Train-Mile,  in  Cents 1 

9.  "      Expenses    "  "'  '■  "  "       1 

10.  Percentage  of  Passenger  Earnings  to  Gross  Earnings ^ 

11.  '•  "Freight  "  "  "  "  i 

13.  "  "  Interest  and  Dividends  Paid  on  Capital  Stock  and 

Bonded  Debt iV 

Curves  Deduced  from  Fig.  7. 

1.  Passenger  Train-Miles 1  000  000 

2.  Total  Passengers  Carried 10  000  000 

3.  Passengers  Carried  One  Mile 100  000  000 

4.  Gross  Passenger  Earnings,  in  Dollars 1  000  000 

5.  Receipts  per  Passenger  per  Mile  Carried,  in  Cents ^V 

6.  "  "  "  Carried,  in  Cents 1 

7.  •'  "  "  Train-Mile,  in  Cents 1 

8.  ■'  "    Mile  of  Railroad,  in  Dollars 100 

9.  Number  of  Passengers  Carried  per  Mile  of  Railroad 1  000 

10.  Miles  Traveled  per  Passenger i 

11.  Passenger  Rides  per  Capita  per  Annum 1 

18.  Receipts  per  Capita,  per  Annum,  in  Dollars 1 

agers  is  to  increase  train-loads,  so  as  to  decrease  expenses  -pev  train-mile. 
If  we  apply  the  following  argument  and  figures,  changing  the  example 
to  moving  heavy  freight  trains,  it  will  be  seen  at  once  that  such  traflSc 
cannot  now  be  handled  by  electric  locomotives,  involving  heavy  line 
work  and  large  central  stations  (idle  most  of  the  24  hours'),  for  the  main 
reason  that  interest  on  first  cost  will  more  than  offset  the  largest 
possible  saving  in  expenses.  This  saving  would  not  exist,  but  if  it 
should,  more  than  50^  would  be  needed. 

Passenger  cars  would  cost  the  same  in  either  case,  as  the  cost  of 
installing  electric  lighting  and  heating  systems  in  the  cars  would  bal- 
ance the  present  gas  lighting  and  steam  heating  systems  of  railroad 
l^assenger  cars. 

Should  motor  cars  be  used,  carrying  jDassengers,  there  would  be  a 
saving  equal  to  the  cost  of  one  passenger  car  per  train  in  favor  of  the 
electric  road.  If  an  electric  locomotive  were  used,  there  would  be  no 
such  saving.     If  every  car  were  a  motor  car,  then  the  cost  of  a  steam 
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Mr.  Davis. 
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Mr.  Davis,  locomotive  per  train  would  be  saved  in  the  case  of  electric  traction ; 
this,  however,  woiild  add  to  the  cost  of  each  car.  This  method  is  not 
satisfactorily  solved  to-day,  although  short  trains  are  operated  with 
more  or  less  success. 

Steam  locomotives  and  tenders  are  to  steam  roads  what  motor  cars 
(or  electric  locomotives),  electric -feeder  lines  and  ground-return  cir- 
cuits, and  central  power  stations  (without  buildings)  are  to  electric 
railways.  To  show  the  relative  costs,  let  us  again  consider  the  former 
example.  The  feeder  line  would  be  about  two  4/0  B.  &  S.  G.  wires  of 
bare  copper,  as  the  company  owns  the  right-of-way  and  crossings  of 
public  highways  at  grade  are  unlikely  on  roads  of  the  character  we  are 
discussing;  these  would  cost,  in  place,  $1  117  ($1  012  for  copper  and 
$105  for  stringing).  It  will  be  noticed  that  the  trolley  wire  siiggested 
is  much  larger  than  that  used  in  general  practice,  and,  as  it  has  large 
carrying  capacity,  part  of  its  cost  might  have  been  included  in  the 
cost  of  feeders.  If  the  third  rail  were  used  in  place  of  an  overhead 
trolley,  as  explained  before,  this  feeder  system  would  be  unnecessary, 
as  the  90-lb.  third  rail  when  properly  bonded  has  enough  section  to 
carry  the  ctirrent. 

In  our  example  the  area  of  copper  in  the  overhead  system  is 
846400  circular  mils,  equivalent  to  920  mils  diameter,  which  gives  a 
total  cross-section  of  0.657  sq.  in.  A  90-lb.  rail  has  a  sectional 
area  of  9  sq.  ins.  Taking  the  relative  condiictivity  of  steel  and 
copper  as  1  to  6,  we  find  that  each  rail  is  equivalent  to  1.5  sq.  ins. 
of  copper,  and  both  rails  to  3  sq.  ins. ;  therefore,  until  the  overhead 
system  had  a  cross-section  of  more  than  3  sq.  ins.,  there  would  be 
no  necessity  for  any  copper  ground-return  circuit,  so  long  as  the  bond- 
ing section  at  the  joints  was  the  same  as  that  of  the  overhead  work. 
In  case  the  area  of  both  rails  divided  by  6  is  less  than  the  area  of  over- 
head copper,  the  copper  ground-return  wire  should  be  of  a  section 
equivalent  to  the  excess  in  section  of  overhead  cojjper.  This  ground 
return  can  be  run  on  the  pole  line  and  connected  down  to  the  rails  at 
intervals,  or  along  the  track,  as  may  seem  best  in  any  given  case. 

The  central  j)ower  station  of  1  125  nominal  H.-P.  could  be  erected 
complete  (without  buildings,  included  under  "  construction  ")  for  $50 
per  H.-P.,  which  would  provide  a  plant  of  the  most  modern  kind, 
giving  the  greatest  economy  (in  the  largest  sense).  In  general,  it 
would  consist  of  a  steel  stack  lined  with  fire-brick,  water-tube  boilers, 
pumps,  piping,  condensers,  heaters,  blowers,  direct-connected  Corliss 
engines,  direct-connected  generators,  slate  switchboards,  best  indicat- 
ing and  recording  instruments,  etc.,  with  all  the  best  labor-saving 
and  automatic  devices  which  help  to  make  a  thoroughly  successful 
plant.  The  total  cost  of  the  power  plant  would  be  $56  250.  We  will 
not  discuss  the  use  of  an  electric  locomotive,  but  assume  the  use  of 
motor  cars  drawing  trailers,  as  it  would  only  make  a  small  difference 
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in  the  total  amount  given  in  tlie  example.     The  figures,  in  any  case,  Mr. 
are  only  indicative.     The  same  can  be  said  of  equipping  each  car  as  a 
motor  car. 

In  the  estimate  of  200  tons  as  the  weight  of  a  6-car  train,  one  being 
a  motor  car,  the  car  bodies  assumed  are  45  ft.  over  sills  and  51  ft.  over 
all,  with  two  trucks  having  four  wheels  each,  the  wheels  being  33  ins. 
in  diameter;  car  body  weighing  22  000  lbs. ;  trucks,  13  OOO  lbs. ;  total, 
35  000  lbs. ;  average  maximum  j)assengers,  150  at  150  lbs.  each,  22  500 
lbs. ;  making  the  total  weight  of  the  passenger  car  loaded  57  500  lbs. 
The  motor  car  is  assumed  to  have  four  motors,  one  on  each  axle  or 
geared  to  it,  its  total  weight  loaded  being  112  500  lbs.  (56.25  tons 
loaded,  45  tons  empty,  all  on  drivers).  The  trucks  of  this  motor  car 
would  be  heavier  than  those  of  the  trail  cars,  and  with  larger  wheels. 
With  two  four-wheel  j^ivotal  trucks,  the  weight  on  each  driving  wheel 
would  be  14  082  lbs.  loaded,  or  11  250  lbs.  empty.  The  complete  trail 
cars  can  be  assumed  to  cost,  for  steam  or  electricity,  about  $3  500; 
the  complete  motor  car,  about  $7  000.  A  steam  locomotive  and  tender 
of  the  same  power  and  tractive  force  would  cost  about  $9  000  (engine, 
^7  700;  tender,  $1  300).  It  will  be  noticed  that  the  heating  of  cars  has 
had  no  consideration  herein.  While  this  would  add  to  the  first  cost 
of  an  electric  system,  by  increasing  the  required  capacity  of  transmis- 
sion line  and  power  house,  and  would  undoubtedly  add  to  the  cost  of 
operating  as  compared  with  steam-locomotive  practice,  yet  available 
data  are  so  unreliable  that  a  discussion  of  them  is  jiostponed.  To 
recapitulate:  On  the  basis  of  our  example,  we  see  that  items  2,  5  and 
6  of  the  electric  system  of  equipment  leave  only  item  1  on  the  steam 
side  of  the  ledger  to  balance  them.  It  equalizes  a  small  part  only. 
The  New  York  Central  Kailroad,  in  1885,  with  2  716  miles  of  single 
track,  had  $2  337  (5.7%)  per  mile  invested  in  locomotives  for  pas- 
senger and  freight  service,  and  must  have  considerably  more  to- 
day. If  we  deduct  investment  for  freight  locomotives  and  compare 
with  the  following,  it  gives  some  idea  of  the  difference  in  first  cost  of 
equipment  against  the  electric  system  with  only  i^assenger  service  con- 
sidered : 

Feeder  line $1  117 

Ground  return  (in  this  case  no  additional  cost) 

Central  power  station 56  250 

$57  367 
Deduct  difference  between  3  motor  cars  and  3  locomo- 
tives and  tenders 6  000 

Total  extra  per  mile  for  electric  trolley  road $51  367 

To  estimate  a  10-mile  road  at  ten  times  the  above  would  be  unfair, 
for,  unless  the  train  density  remained  the  same  on  every  mile  and  a 
power  station  were  built  for  every  mile,  it  could  not  be  in  direct  pro- 
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Mr.  Davis,  portion.  lu  general,  the  feeder  system  increases  in  cost  with  the 
distance,  while  the  power  station  increases  in  cost  with  the  weights 
moved  and  their  speed.  There  would  undoubtedly  be  found  conditions 
of  very  light  ti'ains,  at  very  frequent  intervals,  over  short  distances, 
where  the  larger  cost  of  locomotives  and  tenders  would  balance  the 
items  which  usually  make  electricity  the  more  costly;  these  conditions 
must  more  nearly  approach  those  which  now  exist  in  street  railway 
service.  It  is  evident  that  with  units  weighing  10  to  15  tons,  run  at 
intervals  of  20  seconds  to  5  minutes,  any  steam-locomotive  system 
would  prove  undesirable,  both  by  its  greater  first  cost  and  oioerating 
expenses. 

"  Electric  feeder  lines  and  ground-return  cireaiit  "  is  placed  under 
the  heading  "  equipment  "  rather  than  under  "  construction  "  for  the 
purposes  of  this  discussion;  in  a  system  operated  by  electricity  the 
opposite  course  would  be  pursued,  and  has  been  followed  in  consider- 
ing "total  exijenses."  "  Central  jjower  stations"  (all  but  buildings) 
would  naturally  be  in  the  motive  power  department,  and  are  so  con- 
sidered herein. 

"  General  "  items  of  "first  cost  "  would  be  unaffected  by  the  char- 
acter of  the  system.  A  few  years  ago,  when  the  word  "electricity," 
as  applied  to  street  railways,  was  more  attractive  in  banking  and 
investing  circles,  higher  prices  for  bonds  might  have  been  obtained 
by  the  use  of  that  system,  but  elements  of  this  kind  are  not  within  the 
scope  of  this  discussion.  Taxes  are  based  on  value,  not  on  cost,  and 
are  therefore  unaffected  by  any  j^articular  system. 

Should  an  existing  railroad  change  its  motive  power  on  all  or  a  part 
of  its  system,  the  following  items  would  represent  the  investment 
which  would  be  made,  the  interest  upon  which  must  either  be  saved 
or  earned  to  warrant  it : 

(b)    CONSTKUCTION. 

1.  Engineering. 

(Electric)   11.  Eail  bonding. 

(Electric)  12.  Overhead-trolley  hue  or  third  rail. 

15.  Buildings  for  central  power  stations. 

(c)  Equipment. 
(Electric)     2.  Motor  cars  or  electric  locomotives. 

3.  Passenger  cars  (trail  cars,  or  if  motors  are  applied  to 
every  car). 
(Electric)     5.  Electric  feeder  lines  and  ground-return  circuit. 
(Electric)     6.   Central  power  stations  (not  including  buildings  which 
are  considered  under  "  construction  "). 

{d)  General. 

1.  Discount  on  bonds. 

2.  Interest  on  bonds  to  opening  of  road. 

3.  Taxes  to  opening  of  road. 

5.   Contingent  and  miscellaneous,  not  itemized,  to  opening 
of  road. 
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TABLE  No.    2.  — Cost   of   New   Yokk   Centeal   and    Hltdson    Rivek  Mi 
Railroad,  1885. 

(2  716.05  miles  of  single  track.) 


Item. 

Cost  per  mile  of  single  track. 

Percentage. 

1    Grading  and  masonry                         

$7  749 

1  066 
11  439 

5  576 

2  337 

574 
5  576 
1  107 

133 

18  9 

2.6 

3.  Superstructure          

37.9 

13.3 

13.6 

6.  Locomotives          .          

5.7 

1.4 

13.6 

9.  Engirieering 

2.7 

0.3 

Total      . 

$41  000    (approx.) 

100  0 

11.  Stock 

$32  900 
20  700 

13.  Bonds 

$58  600 

All  other  items  would  be  unaffected  on  an  existing  system.  Taking 
them  U13  in  detail : 

Engineering  expenses  would  not  be  as  great  as  in  the  case  of  a  new 
line.  Items  11  and  12  under  [b)  "  Construction,"  are  applicable  to 
this  case,  as  already  discussed  for  new  lines.  Buildings  for  power 
stations  would  be  an  additional  cost,  unless  steam  locomotives  were 
entirely  discarded  and  old  round  houses  utilized;  this,  however,  is 
hardly  likely.  Under  j^ractically  all  circiimstances  steam  locomotives 
and  tenders  would  be  utilized  on  other  parts  of  the  system  or  for 
freight  service,  and  therefore  no  allowance  need  be  made  for  abandon- 
ing them.  Items  2  and  3  under  (c)  "  Equipment  "  should  be  new,  and 
old  equipment  used  elsewhere.  Any  attempt  to  use  existing  trucks  or 
car  bodies,  either  for  motor  cars  or  trailers,  would  be  as  bad  a  mistake 
as  was  made  m  the  early  days  of  the  change  from  horse  to  electric 
traction  on  street  railways.  Items  5  and  6,  under  the  same  heading, 
are  also  api^licable  to  this  case,  as  already  discussed  for  new  lines. 
Items  1,  2,  3  and  5,  under  {d)  "General"  would  have  to  be  charged 
against  the  change,  in  j^roportion  to  the  cost  of  the  same.  For  all 
practical  purposes,  the  total  cost  of  a  change  of  system  is  seen  to  be 
about  equal  to  the  difference  in  cost  of  two  new  lines,  as  follows: 

(5)  Construction .^3  734  per  mile  of  track. 

(c)  Equipment 51367 

(f/)  General  (15%) 8  265 

Total $63  366 
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Mr.  Davis.  TABLE  No.  3. — ELECTRIC  Suburban  and 


Name  of  Railway. 


csS 


.^ 


a§' 


■"2 


U 


•53  O 


o  s  « 


Maine  (19  roads). 
Augusta,  Hallowell  &  Gardiner  Rail- 
road  

Bangor,  Orono  &  Old  Town  Railroad. 

Biddeford  &  Saco  Ry 

Lewiston  &  Auburn  Horse  R.  R 

Portland  &  Cape  Elizabeth  Ry 

Portsmouth,  Kittery  &  York  St.  Ry. . 
Rockland,  Thomaston  &  Camden  St. 

Ry 


1  160  445 

1  095  666 

812  230 


7.00 
17.40 

5.72 
14.00 
11.52 
15.20 

16.64 


116  58S 
73  414 

58  984 
82  888 
90  600 
54  748 

57  727 


Totals  and  averages. 


CoNNKCTicuT  (31  roads). 

Danbury  &  Bethel  St.  Ry 

Derby  Street  Ry 

Fair  Haven  &  Westville  R.  R 

Hartford,    Manchester   &    Rockville 

Tramway 

Hartford  &  West  Hartford  Horse  R. 


R. 


Meriden  Electric  R.  R 

Norwalk  Street  Ry 

Norwalk  Tramway 

Norwich  Street  Ry 

Torrington  &  "Winchester  St.  Ry 

Bristol  &  Plainville  Tramway 

Central    Railway    &    Electric    (New 
Britain) 


712  344 
4  898  363 

599  429 

875  375 
1  439  285 

748  842 

816  113 
1  256  626 

496  726 


10.58 

19^89 

17.88 

9.70 
17.00 

11^91 
12.56 
7.34 

16.55 


77  851 
120  958 
346  272 


84  663 
99  580 
46  466 
105  476 
39  548 
73  978 

86  713 


Totals  and  averages. 


Massachusetts  ( 103  i 

Arlington  &  Winchester 

Athol  &  Orange 

Brain  tree  &  Weymouth 

Bridgewater,  Whitman  &  Rockland. 
Brockton,  Bridgewater  &  Taunton . . 

Brockton  &  East  Bridgewater 

Dartmouth  &  Westport 

Dighton,  Somerset  &  Swansea 

Fitchburg  &  Leominster 

Gloucester,  Essex  &  Beverly 

Greenfield  &  Turners  FaUs 

Haverhill  &  Amesbury 

Haverhill,  Georgetown  &  Dan  vers.. 

Hingham 

Hoosac  Valley  ( North  Adams) 

Interstate  Consolidated  (R.  I.) 

Leominster  &  Clinton 

Lowell,  Lawrence  &  Haverhill 

Lowell  &  Suburban  

Lynn  &  Boston 

Marlborough 


602  227 
992  063 
546  485 

1  353  082 
364  512 
551  674 
775  266 

2  178  863 
1  556  243 

712  647 

1408  722 

477  268 

907  048 

1  536  505 

2  589  797 
856  817 

8  981  702 

7  679  147 

39  063  234 

756  465 


11.88 
13.68 
31.07 

9.22 
13.73 
16.78 
21.43 
22.71 
12.86 
26.04 

6.13 
19.38 
13.00 
32.42 
11.46 


64.77 

153.83 

7.54 


99  277 
87  533 
83  507 
43  098 
64  200 
39  531 
40163 
46  188 
101  673  I 
50  911  I 
55  416 
54  098 
77  858 
46  801 
118  138 
115  513 
74  733 
138  572 
118  545 
188  938 
100  314 


(a)  Estimated. 
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Intekukban    EAUiWAYS  (E.  R.  Com.  Repokt).  Mr. 
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$5  802 

20.15 

4.97 

$40  227 

4.04 

4.0 

$26  982 

$39  687 

10.90 

3  659 

15.58 

5.19 

61251 

2.99 

8.0 

15  208 

16  475 

13.76 

4  363 

18.30 

7.38 

24  837 

2.47 

23  483 

27  651 

12.37 

3  721 

14.80(a) 

4.48 

51815 

3.31  (a) 

29  605 

31985 

11.51  (a) 

3  795 

43.31 

5.09 

54  782 

8.49 

'i'.b 

52  977 

55  637 

28.81 

2  736 

16.42(a) 

5.03 

41061 

3.25(a) 

1.2 

26  556 

26  788 

9.57  (a) 

4  099 

25.39 

7.10 

48  028 

3.02 

.... 

19  058 

31631 

15.93 

$8  680 

18.46 

5.02 

$322  001 

3.10 

$28  839 

$25  409 

13.71 

4  045 

17.51 

5.13 

42  826 

3.37 

4.0 

50  844 

47  399 

10.64 

6  024 

23.00 

4.98 

35  486 

4.62 

55  515 

58  527 

13.02 

12  459 

19.31 

5.06 

247  812 

3.83 

'e.b 

36  436 

43  298 

10.87 

3  423 

25.13 

10.20 

61192 

2.46 

29  317 

28  002 

15.92 

3  051 

15.67 

7.88 

29  599 

1.99 

58  323 

52  046 

15.49 

4  245 

16.19 

5.08 

72  176 

3.23 

94  373 

92  507 

13.63 

4  844 

21.74 

4.86 

36  430 

4.47 

'4.5 

31338 

32159 

15.09 

2  099 

12.16 

4.50 

36  790 

2.70 

2.0 

38  927 

33  466 

9.58 

4  529 

24.17 

4.29 

53  973 

5.63 

45  498 

42  511 

17.08 

1  927 

14.88 

4.86 

24  202 

3.05 

29  987 

9.57 

3  641 

18.34 

4.90 

26  718 

3.73 

'S.Q 

35  827(5) 

31  460(6) 

15.49 

3  856 

18.86 

4.45 

63  821 

4.34 

78  934(b) 

65  123(6) 

14.36 

4   736 

16.17 

5.16 

$731  025 

3.62 

$49  553 

$50  229 

13.53 

4  938 

20.76 

4.97 

16  444 

4.17 

29  831 

28  928 

13.86 

4  281 

25.82 

4.89 

5.27 

's.b 

19  771 

17  464 

16.21 

4  087 

18.16 

4.89 

48  258 

3.71 

3.0 

21248 

20  691 

11.81 

2  136 

12.29 

4.96 

26  960 

2.47 

16  577 

16  940 

9.26 

3  381 

14.55 

5.27 

69  484 

2.76 

'3.0 

24  903 

34  405 

8.29 

1  988 

17.46 

5.06 

18  352 

3.45 

20  981 

30  341 

13.11 

7  055 

28.74 

17.57 

95  578 

1.63 

's.b 

26  594 

34  541 

20.18 

3  668 

21.79 

7.94 

61516 

2.75 

27  541 

37  338 

15.56 

6  267 

20.01 

6.16 

134  014 

3.24 

'k'.i) 

25  905 

35  787 

12.84 

2  599 

16.59 

5.11 

58  698 

3.24 

3.0 

17  837 

17  880 

10.23 

2  689 

19.38 

4.85 

33  677 

4.00 

4.0 

16  835 

16  386 

12.37 

3  443 

20.67 

6.36 

88  060 

3.24 

25  993 

25  811 

13.46 

3  914 

16.76 

5.03 

23  757 

3.33 

18  176 

17  096 

32.63 

2  304 

15.31 

44  197 

3.75 

22  059 

22  741 

11.30 

5  894 

21.92 

4:99 

75  214 

4.38 

"elo 

19  558 

17  881 

15.64 

6  039 

20.50 

5.23 

134  714 

6.0 

20  465 

25  083 

14.03 

3  805 

17.57 

5.09 

43  165 

3^45 

31  282 

33  487 

10.33 

6  980 

25.98 

5.04 

448  938 

5.15 

■4:6 

48  795 

47  401 

14.68 

5  986 

20.00 

5.05 

380  177 

3.96 

3.0 

36  004 

13  38 

9  648 

25.59 

5.11 

1  473  154 

5.01 

8.0 

58  851 

59  200 

14:75 

5  117 

17.24 

5.10 

35  952 

3.38 

34  720 

26  967 

15.60 

(6)  Includes  cost  of  electric  lighting  plant,  which  could  not  be  separated. 
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Mr.  Davis.  TABLE  No.  3  {Concluded). — Electkic  Subukban  and 


Name  of  Railway. 


Milford,  Holliston  &  Framingham. 

Natick  &  Cochituate 

Newburyport  &  Amesbury 

Newton 

Newton  &  Boston 

Norfolk  Central  ( Dedham) 

Norfolk  Suburban  (Hyde  Park; . . . 

Northam  pton 

North  Woburn 

Providence  &  Taunton 

Quincy  &  Boston 

Reading  &  Lowell 

Rockland  &  Abington 

Rockport 

Southbridge  &  Sturb ridge 

South  Middlesex  (Natick) 

Taunton  &  Brockton 

Wakefield  &  Stoneham 

Warren,  Brookfleld  &  Spencer 

Worcester  &  Blackstone  Valley . . . 

Worcester  &  Marlborough 

Worcester  &  Suburban 


Totals  and  averages 43    91  288  0.S4 


1  668  831 
1  089  877 
1  139  652 
1  827  120 
1  098  486 
712  551 
1  972  531 
1  812  627 


673  714 
2  712  342 

332  530 
1  521  581 

567  164 

552  586 
1  134  670 

919  244 
1  129  681 

966  236 

281  043 


15.78 
13.82 

6.52 
10.95 
17.12 

7.80 
14.92 
30.06 
11.84 
17.22 

8.16 

7.75 
13.07 
17.23 
15.30 
19.22 

6.92 
17.36 
21.91 


■a  o 


111 


82  051 
99  080 
62  015 
115  743 
79  468 
109  337 
180  188 
105  817 
103  803 
45  149 
90  240 
28  085 
88  336 
69  505 
71320 
86  815 
55  093 
73  835 
50  275 


a 


465  991 
257  772 
320  056 
465  458 
456  530 
185  583 
423  986 
487  369 
189  073 
99  983 
56^1  141 
146  373 
397  812 
146  377 
149  588 
269  181 
249  362 
374  431 
288  827 
110  098 


(c)  Totals  and  Averages  of  Table  No.  3. 


Maine 

{d^  7 
(d)12 
(d)43 

74 
67 
64 

73  249 
91  641 
105  567 

1  743  970 

14  143  909 
91  288  034 

154.34 
864.63 

3  901  Oil 

22  037  982 

Totals  and  averages 

(d)62 

111  839  855 

1106.45 

65 

101079 

27  682  963 

(c)  Railways  in  Rhode  Island,  New  Hampshire  and  Vermont  are  not  treated  in  this 
table. 

It  should  be  remembered  that  the  figures  at  the  foot  of  page  875 
are  not  exact,  nor  woukl  it  be  fair  to  multiply  by  the  number  of  miles 
of  track  equipped. 

It  is  evident  that,  whether  a  new  line  be  built  under  the  same  condi- 
tions of  existing  steam  railroads,  or  an  old  system  be  changed  over,  the 
first  cost  will  be  against  electric  motive  power;  and  to  overcome  this 
disadvantage  the  operating  expenses  must  be  reduced  sufiiciently  to 
more  than  take  care  of  the  interest  on  this  additional  cost;  or  else  the 
change  must  create  an  increased  traffic  which  justifies  it. 

"Wellington*  gives  a  table  showing  the  distribution  of  first  cost  of 
the  New  York  Central  and  Hudson  Kiver  Eailroad  in  1885,  from  which 
Table  No.  2  has  been  calculated. 

*  "  Economic  Theory  of  Railway  Location,"  p.  71. 
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Interukban  EaujWats  (E.  E.  Com.  Eepokt). 


Mr.  Davis. 


Passenger  Earnings. 
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$4  103 

17.91 

5.00 

$83  383 

3.58 

$30  096 

$19  351 

10.73 

5  (144 

21.53 

5.09 

55  070 

4.33 

6.0 

11  463 

10  580 

18.21 

3  359 

18.71 

5.26 

56  983 

3.56 

29  847 

31  166 

17.16 

6  069 

20.58 

5.34 

91465 

3.93 

8  0 

33  830 

32  339 

13.83 

4  729 

14.33 

5.95 

54  333 

3.40 

5.0 

40  179 

39  545 

10.30 

5  437 

19.09 

4.97 

35  351 

3.88 

26  919 

19  487 

13.81 

9  079 

23.44 

5.04 

98  998 

4.65 

7  0 

25  332 

34  939 

18.05 

5  391 

18.94 

5.09 

89  466 

3.71 

8  0 

23  965 

31  778 

11.83 

5  334 

21.60 

5.04 

40  690 

4.28 

26  302 

37  633 

15.13 

35.5(5 

5.38 

85  456 

6.73 

30  302 

38  821 

13.86 

4  515 

24.06 

5.00 

138  857 

4.80 

3.5 

23  335 

20  806 

15.53 

1  413 

11.44 

5.03 

16  588 

2.27 

13  074 

13  685 

10.63 

4  521 

19.58 

5.13 

75  315 

3.80 

6.0 

16  103 

15  937 

16.  £.7 

3  484 

19.43 

5.01 

38  .358 

3.87 

6  0 

16  888 

15  602 

13.53 

3  595 

18.63 

5.04 

37  177 

3.02 

5  0 

16  116 

15  842 

13.74 

4  370 

21.22 

5.03 

56  517 

4.31 

6.0 

19  797 

19  189 

13.39 

a  824 

19.51 

5.13 

48  510 

3.80 

6,0 

16  333 

16  149 

14.78 

4  056 

16.58 

5.49 

61838 

3.01 

5  0 

35  391 

25  163 

9.59 

3  510 

16.17 

4.99 

48  041 

3.34 

17  663 

17  204 

10.33 

2  033 

13.78 

5.00 

14  070 

3.55 

12  867 

12  671 

10.44 

3  780 

19.14 

5.34 

64  787 

3.58 

6  0 

26  690 

25  453 

13.48 

7  044 

21.60 

4.71 

153  403 

4.58 

4.0 

37  364 

38  688 

14.63 

$5  437 

31.33 

5.15 

$4702191 

4.14 

.... 

$30  131 

$30  507 

13.74 

Electric  Suburban  and  Interurban  Railways. 

3.10 


$3  680 

4  736 

5  437 


$5  201 


18.46 
16.17 
21.33 


30.79 


5.02 
5.16 
5.15 


$.322  001 

731  025 

4  702  191 


$5  755  317 


4.04 


49  553 
30  131 


535  409 
50  339 
30  507 


$32  738   I  $33  855 


13.71 
13.53 
13.74 


13. 


(d)  No.  of  roads  taken  in  each  State. 

From  Table  No.  3  we  find  that  the  average  cost  per  mile  of  single 
track  of  62  suburban  and  interurban  electric  railways  in  New  Eng- 
land is  $^32  738,  while  the  highest  is  ig58  851,  and  the  lowest  $11  463. 
Obviously,  it  would  be  unfair  to  compare  the  steam  railroad  chosen 
with  the  foregoing  average,  as  the  former  must  exceed  the  average  of 
its  own  class  by  over  25  per  cent.  Adding  this  percentage  to  the  fore- 
going average  gives  approximately  $41  000  per  mile  of  single  track  as 
a  fair  comparative  cost  for  an  electric  interurban  railway  with  the  same 
standard  of  construction  and  equipment  as  the  New  York  Central  and 
Hudson  River  Eailroad.  The  construction  account  of  such  railways 
is  about  50%  of  the  whole;  the  equipment  '60%  (including  power  sta- 
tions); and  lands,  buildings  and  other  permanent  investment  about 
20  i^er  cent.     From  the  foregoing.  Table  No.  8  has  been  computed. 
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TABLE  No.  4.— Electric  City 


Name  of  Railway. 


Maine  (13  roads). 

Bangor  St.  Ry 

Bath  St.  Rv 

Calais  St.  Ry 

Portland  Railroad 

Totals  and  averages 

Connecticut  (31  roads). 

Bridgeport  Traction 

Hartford  Street  Ry 

Middletown  St.  Ry 

New  Haven  St.  Ry 

New  London  St.  Ry 

Stamford  St.  Ry 

Winchester  Ave.  (New  Haven) 

Waterbury  Traction 

Totals  and  averages 

Massachusetts  (103  roads). 

Boston  Elevated 

Braintree 

Brockton 

Commonwealth  Ave.  (Newton) 

Franiingham  Union 

Gardner  Electric 

Globe  (Fall  River) 

Gloucester 

Holyoke 

Pittsfield  Electric 

Plymouth  &  Kingston  

Springfield 

Taunton . .   

Union  (New  Bedford) 

Wellesley  &  Boston 

West  Roxbury  &  Roslindale 

Worcester  Consolidated 

Woronoco  

Totals  and  averages 

Totals  and  averages  (omitting  C 13) 

New  Hampshire  (5  roads). 

Union  St.  Ry 

Nashua  St.  Ry 

Concord  St.  Ry 

Manchester  St.  Ry ] 

Laconia  St.  Ry 

Totals  and  averages 


1  5S3  837 
451  907 
485  613 

5  444  897 

7  906  254 


4108) 

8  886! 

401  ! 


618 
4  381 
2  515 


18 


181  321  295 

944  064 

6  787  425 

1  447  822 

636  673 

341  038 

6  627  700 

1  369  961 

4  233  900 

1  318  035 

691  048 

11  611  232 

1  269  804 

3  776  878 

709  887 

1  460  920 

10  637  221 

485  686 


592  567 
954 
971  160 
3  290  3 
229  1 


■617 


9.70 
4.25 
7.00 


52.60 
56.64 
7.. 30 


11.05 
17.54 

12.18 


278.35 
14.26 
43.37 
12.73 

6.36 

4.34 
29.09 
11.25 
30.56 
10.10 

8.75 
61.60 
17.13 
19.96 

4 

10.26 
41.81 

7.08 


611.66 


7.50 
14.46 
12.50 
17.02 


-«| 
<B  M  C 


157  096 
106  331 
69  373 
175  925 


152  336 


78  107 
156  889 

55  061 
115  427 

95  810 

56  004 
249  798 
206  495 


129  131 


651  410 

66  204 
156  511 
113  724 
100  137 

76  569 
227  842 
121  774 
138  535 
130  537 

78  977 
188  479 

74  115 


142  307 
254  388 
68  554 


201  124 

68  043 


Maine 

(c)  4 

Ic)  8 
fc)17 
(c)  5 

(b)  Totals 

7  906  254 
24  672  162 
54  349  244 

6  037  617 

and  u 

51.90 
191.07 
333.31 

55.11 

ivera 

72 
63 
71 

77 

ges  of 

152  336 
129  131 
163  039 
109  555 

Table  No.  4 

1  769  406 

6  234  438 

Massachusetts 

12  752  134 

New  Hampshire 

1  701  393 

(c)34 

92  965  277 

631.39 

69 

147  237 

22  457  371 

(a)  Estimated.    Given  in  report  as  " 
(c)  No.  of  roads  taken  in  each  State. 


'<  000  estimated,"  which  is  obviously  wrong. 
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Railways  (R.  R.  Com.  Repokts). 


Passenger  Earnings. 


20.00 
20.50 
12.63 
26.13 


MS 


4.28 
4.70 
4.78 
5.54 


MS 


$61  933  4.67 

21  190  4.37 

22  964  2.64 
300  237  4.71 


t.  o.K 
btj'il  rt^  1   d  o  ^  ca 


$58  864 
40  592 
28  571 
34  712 


\B°bD 


■5S" 


$46  974 
40  976 
30  097 


III 


16.60 
13.66 
10.06 
17.95 


.97 


19.65 
17.90 
16.38 
23.49 
13.31 
31.53 
26.98 


5.15 


5.86 
4.92 
4.57 
4.67 
4.64 
4.86 
3.76 
4.67 


1406  3^3    4.46 


$35  441 


19.01 


28.50 
16.87 
22.97 
15.40 
27.17 
22.18 
24.86 


35.32 

20.28 
18.60 
18.36 
25.78 
17.82 
20.87 
25.35 
8.92 


5.06 
4.78 
4.95 
5.08 
4.78 
5.01 
4.80 
5.15 
5.41 
5.01 
5.01 
5.02 
5.55 
5.45 
5.55 

sioe 

4.73 


25.89 
20.99 


17.05 
13.39 
16.54 
18.26 


4.94 


$1  185  493 


8  967  587 
44  635 
330  559 
71331 
29  954: 


68  498 
227  165 
65  845 
34  106 

577  800 


187  728 
37  609 
67  188 


$11  644  945 


3.99 
3.91 
3.50 
4.84 
2.74 
5.73 
5.78 


8.16 
3.0 


5.14 
5.62 
5.10 
4.23 
5.44 


$2  677  358 


53  640 
49 


4.73 


3.95 


5.68 
4.42 
5.17 
4.83 

5105 
3.25 
3.70 
3.30 

4.72 
3.21 

5;oi 


2.25 

4.0 
6.0 


3.31 

3:34 
4.31 
3.85 


74  .349 
41  569 
35  943 


37  899 
40  766 

87  857 


$59  129 


13  115 
34  997 


17  5.33 
75  447 
.33  377 
39  964 
13  663 

18  865 
35  591 
54  556 
47  899 
24  759 
35  877 
47  803 
16  273 


$62  517 


103  &55 
13  193 

29  145 
21  962 
18  403 
74  886 
31  211 
37  950 
13  451 
18  577 
31  363 
55  073 
45  415 


$87  854 


$34  379 


17  480 
20  564 
13  774 


$22  321 ± 


$24 


Electric  City  Raihvays  (013  omitted). 


8.56 
13.60 
13.18 


13.95 
13.30 
15.. 59 


13.46 
14.. 52 
14.37 
16.48 
18.33 

15  57 

16  71 
13.95 
16.45 
13.63 
13.73 

9.96 
16.50 
11.93 
13.70 
18.58 
18.17 


18.84 


16.43 
10.75 
15.35 
11.96 
15.83 


12.89 


$7  835 
6  204 
8  003 
5  180 

22.97 
19.01 
20.99 
16.77 

5.15 
4.80 
4.93 
4.73 

$406  333 

1  185  493 

2  677  358 
385  500 

4.46 
3.95 
4.26 
3.55 

$35  441 
59  129 
37  854 
23  331 

$34  016 

34  379 
24  832 

16.63 
13.04 
14.93 

13.89 

$7  313 

20.28 

4.89 

$4  554  674 

4.13 

$42  579 

$43  031 

14   .11 

(6)  Railways  in  Rhode  Island  and  Vermont  are  not  treated  in  this  table. 
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TABLE  No.  5. — All  Electeic  Railways 


1 

m 

R^ 

Ui 

°ss 

Vog 

« 

-J 

"is 

^■2  ft 

i 

o 

iaiS 

Total  leng 
gle  track 
(Miles.) 

m 

II  i 

III 

Alaine ... 

19 
31 
103 
9 
5 
5 

14  651  165 
39  272  306 
330  889  629 
39  979  695 
6  037  ei7 
1  637  262 

182.80 
.387.01 
1  590.95 
154.88 
51.11 
27.14 

71 
65 
69 
60 

77 

79  054 

101  478 

Massachusetts 

207  982 

Rhode  Island 

258  133 

New  Hampshire  (1896) 

109  555 

Totals  and  averages 

172 

432  467  674 

2  393.89 

67 

182  726 

TABLE  No.  6. — Totals   and   Averages   of   Table   No.    3,    Electeic 

Electeic  City  Eail- 


Maine 

til 
+20 
+60 

14  314  166 
3H  816  071 
145  637  278 

■'eosVeiT- 

139.38 

345.41 

1  197.94 



73 
64 
66 

102  698 

112  376 

Massachusetts 

121  573 

Rhode  Island 

1-5 

109  555 

Vermont 

+96 

204  805  132 

1  737.84 

67 

117  890 

Table  No.  8.  —Electric  Suburban  and  Interurban 
Railways  (selected  from  total  number  in  New 
England) 

Table  No.  4.* — Electric  City  Railways  (selected 
from  total  number  in  New  England) 

Table  No.  5.— All  Electric  Railways  in  New  Eng- 
land (total  number  in  New  England  making 


Table  No.  6.*— Electric  City,  Suburban  and  Inter 
urban  Railways  (selected  from  total  number 
in  New  England) , 


TABLE  No.  7.— Totals  and 


101  079 
147  237 


111  839  855 

1  106.45 

65 

92  965  277 

631.39 

69 

432  467  674 

2  393.89 

67 

204  805  182 

1  737.84 

67 

+  No.  of  roads  taken. 
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IN  New  England  (R.  E.  Com.  Reports).  Mr.  Davis. 


3  273  932 
10  323  464 
68  206  418 


Passenger  Earnings. 


4  720 

5  253 

13  092 
5  180 


24.80 


5.11 
5.07 
4  73 


S  ^m 


SPc 


2  018  986 

16  545  551 

2  027  693 

285  500 


5.04        21740  618     4 


4.47 
3.80 

4.85 


•■3^5 


■5  n  cS'5 


feel  24s 


51610 
44  958 
75  698 


2^ 

.5  cso 


O  m-S 


c^  a  01 


18.18 
12.71 
17.11 


SUBTJKBAN     AND     InTEKUKBAN     ElECTEIC    RaTLWAYS,    PLUS    TaBLE   No.    4, 

WAYS  (C13  omitted). 


3  513  376 
10  135  449 
34  790  116 

5  225 

5  548 

6  160  ; 

20.73 
18.91 
21.21 

5.08 
4.93 
5.06 

728  324 
1  916  518 
7  379  549 

4.07 
3.83 

4.18 

31297 
54  850 
32  196 

22  32i 

28  614 
57  026 
31585 

24  832 

15.14 
12.23 
14.18 

1  701  393 

5  180  1 

16.77 

4.73 

285  500 

3.55 

12.89 

1 

50140  334 

5  932 

20.56 

5.03 

10  309  891 

4.08 

36  313 

36  189 

13.91 

AvEKAGES,  Tables  Nos.  3,  4,  5  and  6. 


27  682  963 

5  201 

20.79 

5.14 

22  457  371 

7  213 

20.28 

4.89 

83  505  207 

9186 

23.60 

5.04 

50  140  ,334 

5  932 

20.56 

5.03 

5  755  217 

4.04 

4  554  674 

4.13 

21  740  618 

4.68 

10  309  891 

4.08 

738 

■  32  855 

13.20 

579 

42  031 

14.11 

717 

46  453 

16. ,52 

313 

36189 

13.91 

C  13  omitted. 
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Mr.  Davis.  TABLE  No.   8. 


N.  Y.  C. 
R. 

&H.R. 
R. 

Electric  Railway 
(Approximate). 

Item. 

Cost 

per  mile 

of    single 

track. 

Per- 
centage. 

Cost 
per  mile 
of  single 

track. 

Per- 
centage. 

»7  749 

1  066 

11  439 

554 

18.9 
2.6 
27.9 
1.35 

$2  050 

410 

9  020 

410 

410 

2  460 

5  740 

5.0 

2.  Bridges,  etc. 

1.0 

22.0 

1.0 

A.  Rail  bonding 

1  0 

6.0 

C.  Paving 

14.0 

Total  construction 

20  808 

5  453 

5  576 

50.75 

13.3 
13.6 

20  500 

50  0 

5.  Land  and  land  damages 

2  337 
574 

5  576 
553 
123 

26.9 

5.7 
1.4 
13.6 
1.35 
0.3 

8  200 
1-  ■8"200 

1 :::::; 

■4'i66 

4  100 

20.0 

6.  Locomotives 

20.0 

8.  Freight  cars 

96.  Engineering  ( ^)         

D.  Electric  feeder  line  and  ground  return 

10.0 
10.0 

9  163 

22.35 

12  300 

30.0 

From  Table  No.  8,  we  see  that  items  A,  B,  7,  D  and  E  constitute 
those  which  would  be  an  increase  in  the  cost  of  a  new  electric  line 
under  steam-railroad  conditions,  or  to  change  an  existing  steam  rail- 
road; all  other  items  have  already  been  shown  to  be  the  same, 
although  varying,  as  the  table  shows,  in  the  case  of  a  street  railway. 
"We  therefore  get  an  ai)proximate  general  figure  of  $20  000  per  mile  of 
single  track  as  the  increased  cost  of  the  electric  railroad.  This  figure 
should  be  treated  with  caution  in  any  individual  case,  for  it  might  be 
less  or  even  exceeded  by  more  than  100%  under  some  circumstances, 
although  it  is  approximately  accurate  as  an  average. 

In  either  a  new  or  an  old  line  there  is  a  limiting  factor  which 
sometimes  precludes  the  possibility  of  using  electric  traction— the 
transmission  of  electric  power  from  the  station  to  the  motor.  Some 
problems  show  at  once  that,  owing  to  the  long  distance  and  infre- 
quent trains  of  great  weight,  electric  transmission  of  power  would  be 
entirely  too  costly.  Just  where  the  line  occurs  is  hard  to  define,  as 
it  depends  upon  distance,  amount  of  power,  frequency  of  trains,  and 
their  weight.  A  few  years  ago  it  was  considered  that  about  ten  miles' 
radius  was  the  limit  for  one  power  house;  this  was  before  the  days  of 
"boosters"  and  multiphase  currents.  The  development  in  multi- 
phase transmission  has  led  many  to  beUeve  that  this  would  make  it 
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possible  to  successfully  operate  trunk  railroad  lines  by  electric  Mr.  Davis, 
motors.  The  basis  for  this  is  the  reduction  of  line  cost  by  the  use  of 
high  potentials  and  the  utilization  of  cheajj  sources  of  power  such  as 
waterfalls;  biit  it  must  be  remembered  that  the  problem  is  not  solely 
a  question  of  the  original  cost  of  power,  but  rather  the  concentration 
of  power  and  its  long-distance  transmission  coupled  with  a  cheap 
source,  versus  operation  by  small  isolated  units— steam  locomotives. 

In  the  oi^eration  of  railways,  whether  electric  or  steam  lines,  one 
requisite  is  that  the  speed  of  trains  must  be  controlled  by  the  opera- 
tor; the  variations  of  speed  must  be  numerous,  and  the  change  from 
one  to  another  must  be  sufficiently  smooth  to  cause  no  discomfort  to 
the  passengers  or  excessive  strain  on  any  of  the  apparatus.  The  elec- 
tric railway  motor  operating  by  direct  current  has  long  been  used  for 
this  work  with  satisfactory  results,  and  in  its  latest  forms  is  sufficient 
and  serviceable,  under  the  rough  usage  to  which  it  must  necessarily  be 
subjected. 

With  alternating-current  motors  the  regulation  of  speed  is  more 
difficult.  Until  the  recent  development  in  "induction"  motors,  the 
so-called  "  synchronous  "  motor  was  the  only  type  worthy  of  practical 
consideration.  This  type  derived  its  name  from  the  fact  that  of  neces- 
sity it  ran  at  the  same  speed  as  the  generator  which  supplied  it  with 
current.  Obviously,  therefore,  the  speed  could  not  be  varied. 
Besides  this,  the  "synchronous"  motor  would  not  start  by  itself 
under  load.  Hence  it  was  unsuited  for  operating  railway  cars.  The 
other  form  of  alternating  motor — the  "induction  "  motor — is  capable 
of  speed-regulation  to  a  limited  extent,  and  is  continually  being 
improved,  so  that  the  future  may  see  develoj^ments  and  improvements 
beyond  our  most  sanguine  expectations.  Alternating-current  "  induc- 
tion "  motors  have  certain  characteristics  which  would  be  of  great 
advantage  in  railway  work.  The  most  important  of  these  is  the 
absence  of  the  commutator.  In  other  words,  there  is  no  electrical 
connection  between  the  stationary  parts  of  the  "induction"  motor 
and  the  armature  or  rotating  part,  and  therefore,  there  is  no  exposed 
metal  carrying  current,  and  no  sparking  due  to  the  use  of  brushes. 

The  use  of  multiphase  currents  has  the  following  advantages: 

(1)  They  allow  some  control  of  the  speed  of  motors. 

(2)  They  provide  for  starting  motors    when    loaded,    but    not 

when   over-loaded   to   the   same  extent  as  direct-current 
motors. 

(3)  They  facilitate  insulation. 

(4)  They  overcome  some  of  the  eflfects  of  induction. 

(5)  They  reduce  the  cost  of  conductors. 

In  short,  the  "induction"  motor,  like  the  "synchronous"  motor, 
presents  the  difficulties  of  starting  under  loads  as  well  as  speed- 
oontrol.     The  two-jjhase  and  three-phase   "induction"  motors  have 
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Mr.  Davis,  overcome  these  difficulties  to  a  certain  extent,  and  they  offer  some 
improvements  over  direct-current  motors, 

(1)  They  require  less  attention. 

(2)  They  give  less  trouble  from  dirt,  dust  or  water. 

(3)  They  have  no  commutator. 

(4)  They  have  no  moving  electrical  contacts  (except  in  special 


(5)  There  is  less  danger  of  biirning  out  armatures. 

(6)  They  require  renewal  of  parts  less  frequently. 

The  disadvantages  in  their  use  can  be  summarized  thus : 

(1)  They  do  not  start  readily  with  over-loads. 

(2)  Their  speed  cannot  be  controlled  readily. 

(3)  Their  efficiency  is  lower. 

At  i^resent  the  disadvantages  outweigh  the  advantages,  in  so  far  as 
the  conditions  of  railway  work  are  concerned. 

It  seems,  therefore,  that  the  direct  application  of  alternating- 
current  motors  to  railroad  systems  is  not  feasible  to-day  from  a 
practical  standpoint;  mainly  for  the  reason  that  they  do  not  start 
iinder  heavy  over-loads  and  are  not  easily  varied  in  speed  over 
wide  ranges. 

Irrespective  of  the  motors,  however,  the  alternating  current  can  be 
used  indirectly  in  operating  railway  lines.  The  method,  in  brief,  is 
to  carry  the  alternating  current  from  the  power  station  to  a  point  in 
close  proximity  to  a  section  of  the  track.  Here  the  current  is  changed 
from  alternating  to  direct  by  means  of  the  so-called  rotary  transformer, 
and  then  applied  as  direct  current  to  the  cars  using  direct-current 
motors  with  the  usual  devices  for  controlling  the  speed.  This 
method  of  using  the  alternating  current  introduces  an  extra  trans- 
formation with  its  concomitant  loss,  and  its  use  is  confined  to  cases 
where  it  is  desired  to  transmit  power  from  a  distance.  Alternating 
currents  are  better  adapted  than  direct  currents  for  transmitting 
l^ower  over  long  distances,  because,  with  the  use  of  the  latter,  we  are 
now  limited  to  comparatively  low  pressures,  either  in  the  generating 
plant  (1  000  to  3  000  volts)  'or  the  motors  (500  to  1  000  volts);  while 
with  the  former  we  can  "  convert,"  and  thus  utilize,  between  the 
generator  and  the  motor,  higher  pressures  than  would  be  safe  at  either 
end.  In  transmitting  currents  of  electricity  over  long  or  short 
distances,  there  is  a  necessary  loss  in  transmission,  due  to  the  power 
reqiiired  to  force  the  current  through  the  wires.  This  loss  is  present 
in  all  circuits  carrying  a  current  of  electricity  in  greater  or  less 
amount,  depending  upon  the  volume  (amperes)  of  current  (squared), 
and  the  quality,  size  and  length  of  the  wire.  In  cases  where  large 
currents  are  to  be  carried  long  distances,  the  loss  is  so  increased  that 
it  requires  special  consideration.     The  principle  involved  in  all  long- 
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distance  transmissiou  lines  is  to  increase  the  pressure  (voltage)  to  as  Mr.  Davis, 
high  a  point  as  practicable.  This  is  done  because  the  same  amoiint 
of  power  can  thereby  be  transmitted,  at  a  correspondingly  reduced 
current  requiring  a  smaller  wire,  at  the  same  or  less  loss,  since  the 
jjower  is  represented  by  the  product  of  the  current  and  the  pressure. 
Hence,  by  reducing  the  current,  the  energy  lost  in  the  line  is  reduced 
in  proportion  to  the  square  of  the  current.  By  thus  increasing  the 
pressure  and  reducing  the  current,  the  original  investment  in  the 
transmission  line  can  be  kept  within  reason,  and  the  interest  account 
reduced,  as  well  as  the  loss  of  energy  in  the  line. 

The  limit  to  which  this  process  of  reducing  the  loss  in  transmission 
can  be  carried  depends  upon  our  ability  to  insulate  wires  carrying 
high  pressures.  There  is  no  difficulty  in  using  an  alternating  current 
running  at  a  potential  of  1  000  to  2  000  volts;  for  these  i^ressures  are 
common  in  the  outside  mains  of  lighting  companies  supplying  alter- 
nating current  for  incandescent  lighting  in  cities  and  towns.  For 
long-distance  transmission,  however,  the  pressure  must  be  raised  to 
at  least  10  000.  This  is  now  done  successfully  in  a  number  of  cases. 
The  Niagara  Falls  transmission  line  is  operated  at  11  000  volts,  and  it 
is  the  intention  to  increase  this  to  22  000  volts,  if  it  has  not  already 
been  done;  while  there  are  installations  on  the  Pacific  Coast  where 
higher  potentials  are  used.  How  soon  higher  pressures  than  those 
now  used  will  become  commercially  practicable  remains  to  be  demon- 
strated by  the  development  in  the  use  of  present  electrical  insulating- 
materials,  or  the  discovery  of  new.  In  order  to  obtain  high  pressures, 
an  intermediate  step  is  required  between  the  generator  and  the  line, 
known  as  the  "  stejj-uiD  "  transformer,  and  another  at  the  other  end  of 
the  lines,  known  as  the  "step-down"  transformer.  Generators  are 
built  at  present  to  deliver  not  much  more  than  2  500  volts,  and  usually 
run  from  1  000  to  2  000  volts.  The  "  steja-up  "  transformers  take  this 
voltage  and  raise  it,  for  transmission,  to  10  000  or  20  000  volts.  At 
the  other  end  of  the  line  the  voltage  is  reduced  to  the  desired  amount, 
in  a  similar  manner,  by  a  "step-down"  transformer  and  then  applied 
to  the  distributing  lines,  or  to  the  rotary  transformer,  or  to  both,  as 
the  case  may  require.  High  insulation  is  therefore  required  from  the 
"step-up"  transformer  along  the  transmission  line  to  the  "step- 
down  "  transformer.  The  required  insulation  is  secured  by  special 
construction  in  the  transformers,  which  are  also  filled  with  oil,  and  by 
insulators  of  special  design  attached  to  cross-arms  and  poles  adapted 
for  the  purpose. 

We  therefore  see : 

(1)  That  the  alternating-current  motor  of  to-day  cannot  be  applied 
directly  to  operating  railroad  trains,  either  on  the  axles  of  the  cars, 
or  at  the  head  of  the  train  as  a  locomotive,  because  of  the  difficulties  in 
starting  under  load  and  in  controlling  the  necessary  variations  in  speed. 
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Mr.  DaviiJ.  (2)  That  the  alternating  current  can  be  apislied  indirectly  to 
operating  railways,  because  of  the  'facility  with  which  we  can  trans- 
form it  to  high  potentials  for  long-distance  transmission. 

Whether  it  will  pay  to  utilize  a  "  cheap  source  "  such  as  a  water- 
fall, or  concentrate  the  power  into  one  station  on  the  line  of  railroad, 
is,  again,  the  questioa  of  balancing  the  interest  account  on  the  added 
investment  for  long-distance  transmission  lines,  etc.,  by  reduced 
operating  expenses  or  increased  receipts. 

The  reduction  of  first  cost  to  a  minimum  consistent  with  work  best 
suited  for  the  purpose  is  of  great  importance  in  the  construction  of 
any  line.  No  increase  is  justifiable,  unless  it  will  jjrove  a  profitable 
investment  in  itself;  no  decrease,  however,  is  justifiable  if  the  larger 
expenditure  promises  larger  profit.  Where  exijenditures  can  be 
decreased,  without  materially  lessening  immediate  traffic  or  adding  to 
operating  expenses,  such  decrease  should  be  made.  The  importance 
of  this  is  seen  when  we  remember  that  the  fixed  charges  (interest  on 
bonds  and  rentals)  are  really  a  part  of  the  cost  of  manufacturing 
transportation — to  borrow  an  expression  from  an  eminent  authority ; 
they  are,  in  fact,  one  of  the  largest  items  in  the  total  cost  of  running 
a  railway  system ;  they  increase  in  a  somewhat  faster  ratio  than  the 
cost  of  the  line,  and  are  the  same  every  year,  whether  business  is  good 
or  bad;  and  we  therefore  emphasize  the  importance  of  reducing  the 
first  cost  to  the  lowest  amount  consistent  with  true  economy,  and  of 
increasing  the  traffic  to  its  maximum,  so  that  the  fixed  charges  may 
be  a  smaller  i^ercentage  of  the  gross  receipts.  It  must  be  remembered, 
however,  that  the  gross  receipts  are  often  enormously  increased  by 
extraordinary  expenditures,  in  which  case  large  investments  may  be 
warranted,  such  as  terminals  at  or  near  large  centers  of  population, 
shortening  of  line  for  moral  effect  and  saving  of  time  in  competition, 
adopting  new  methods  as  an  inducement  to  increased  use,  etc.  An 
idea  of  the  weight  which  should  be  given  to  this  part  of  the  subject 
will  be  had  by  the  comparison  in  Table  No.  9. 


TABLE  No.  9. 


Steam  Railroads  (U.  S.) 

IMassachcsetts 
Electric  Railways. 

Average. 

High.     1     Low. 

Average. 

Percentage  of  operating  expenses. . . 

65 

i 

10 

70        :        55 
45        1        30 
45                14 
16                  4 

1 

69 
31 

Percentage  of  fixed  ctiarges  

15 

16 

By  examining  Table  No.  9,  which  is  not  supposed  to  show  highest 
and  lowest  figures,  but  averages  under  ordinary  conditions,  we  see  the 
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importance  of  the  item  of  fixed  cliarges,  and  the  imi:)ortance,  there-  Mr.  Davis, 
fore,  of  reducing  the  first  cost. 

The  importance  of  a  reduction  in  first  cost,  consistent  with  true 
economy,  is  also  clearly  brought  out  by: 

Fig.  2.  Ciirve  6. — Showing  rapid  increase  in  capitalization  per 
mile  of  track  of  railways  (40%"  of  which  is  bonded  indebt- 
edness, approximately). 

Fig.  8.  Curve  2-6. — Showing  predicted  increase  in  Curve  6  of 
Fig.  2. 

Fig.  3.  Curve  4. — Showing  greater  increase  in  bonded  debt 
as  compared  with  increase  of  mileage  of  railroads. 

Fig.  9.  Curve  3-4. — Showing  predicted  increase  in  Ciirve  4  of 
Fig.  3. 

Table  No.  10.  Capitalization  of  Steam  Eailroads  and  Street 
Eail ways. —  Curve  4.  Total  Bonded  Debt  332%"  increase 
1870-1890,  as  against  213%  increase  in  mileage  of  the 
U.  S. ;  and  240%  increase  in  New  York,  New  Jersey, 
Pennsylvania,  Delaware  and  Maryland,  against  84% 
increase  in  mileage;  and  437%  increase  in  Massachusetts 
against  205%  increase  of  mileage.  The  increase  of  500% 
in  bonded  debt  of  street  railways  of  Massachusetts  in  the 
same  period,  against  544%  increase  of  mileage,  does  not 
disj^rove  the  statement,  for  this  apparent  decrease  is 
due  to  the  jihenomenal  growth  of  street-railway  mileage. 

2.  Total,  Expenses. 

As  first  cost  is  against  electric  traction  we  must  look  to  reduced 
oi3erating  exjaenses  or  increased  receipts  as  justification  for  its  use. 
Let  us  examine  the  former.  Again  refer  to  our  tabulated  divisions  of 
"total  expenses,"  etc. 

We  have  adopted  the  title  "total  expenses  "  in  a  literal  sense, 
including  all  expenses  of  every  kind,  so  that  the  difference  between 
"total  expenses  "  and  "gross  receipts,"  if  on  the  right  side,  would 
give  the  amount  which  can  be  considered  the  actiial  net  earnings  of 
the  line.  "Operating  expenses,"  which  are  generally  treated  as  the  . 
usual  and  ordinary  expenses  of  the  system,  include  "maintenance  and 
renewal  of  way  and  woi'ks,"  "train  exjienses,"  "station,  terminal, 
taxes  and  general  expenses,"  and  "  accidents,  loss  and  damages,"  but 
not  "fixed  charges,"  although  the  latter  form  a  large  percentage  of 
the  actual  total  expenses,  and  have  become  a  necessity  in  our  indus- 
trial and  financial  development.  The  operating  expenses  include  many 
items  which  do  not  vary  with  the  amount  of  business  or  the  character 
of  the  alignment — such  as  salaries  of  leading  ofiicials;  maintenance  of 
way,  works  and  parts  of  the  system,  against  that  deterioration  which 
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Mr.  Davis,  is  produced  by  time  only,  irresiiective  of  the  amount  of  biisiness 
handled  or  work  done;  salaries  of  agents  of  all  kinds,  many  of  whom 
have  to  be  employed  whether  business  is  large  or  small,  etc.  All  of 
these  might  be  called  the  "fixed  operating  expenses,"  and,  as  they 
often  amount  to  nearly  half  of  the  total  ojierating  expenses,  it  will 
prove  instructive  and  remunerative  to  keep  railroad  accounts  so  as  to 
show  thi^.  To  reduce  the  total  expenses  to  the  minimum  consistent 
with  true  economy  is  as  important  as  to  reduce  the  first  cost  to  the 
lowest  amount,  bearing  the  same  axiom  in  mind. 

We  have  two  cases  to  consider  and  compare  with  steam-raikoad 
ojieration:  First,  central  steam-power  jjlants  located  along  the 
proposed  line;  second,  water-power  located  at  some  distance  from 
the  line.  The  following  ajiplies  to  both  cases,  unless  otherwise  indi- 
cated : 

"  Repairs  of  earthwork  to  subgrade  "  would  be  unaffected  by  the 
system  used.  Repairs  of  track,  fences,  cattle-guards,  crossings,  etc., 
renewals  of  ties  and  ballast,  are  substantially  independent  of  the 
volume  of  traffic ;  ties  wear  independently  of  the  tonnage,  for  the  so- 
called  "cutting"  of  ties  is  due  primarily  to  the  rotting  away  under  the 
rail  foot,  accelerated  somewhat,  but  almost  inappreciably,  by  the 
decayed  material  cut  away  by  passing  loads.  The  total  cost  of  track 
labor  is  affected  only  by  a  very  small  percentage  of  the  whole  by  any 
change  in  the  amount  of  traffic,  provided  the  standard  of  maintenance 
is  not  increased;  rail -renewals,  track-watchman,  and  part  of  the  labor 
of  lining,  surfacing,  etc. ,  directly  applicable  to  the  track  itself,  are  the 
only  items  which  vary  directly  with  the  number  of  trains.  One-half  to 
three-fourths  of  the  wear  of  steel  rails  is  caused  by  the  locomotive,  and 
is  due  more  to  the  great  concentration  of  load  on  the  driving  wheels, 
which  often  nearly  api^roaches  the  ultimate  crushing  resistance  of  the 
rail,  than  to  the  "  hammer-blow^  "  of  the  reciprocating  jsarts.  Main- 
tenance of  crossings  would  be  unaffected  by  the  system  used.  For  the 
reasons  enumerated  above,  items  2,  3,  7,  8  and  9  would  be  unaffected 
in  cost  of  maintenance,  w^hichever  system  were  used.  While  some 
might  claim  that  the  renewal  of  rails  woxild  be  less  frequent  on  an 
electric  system,  it  must  be  remembered  that  an  electric  locomotive  or 
a  motor  car  at  the  head  of  a  train  must  have  concentrated  on  the  wheels 
the  same  weight  for  the  same  speeds  and  loads,  the  only  advantage 
being  the  removal  of  the  hammer-blow  of  reciiDrocating  parts.  Should 
motors  be  jjlaced  on  every  axle,  there  would  be  a  saving.  In  steam- 
railroad  practice  this  item  amounts  to  about  4:%  of  the  total  cost  per 
train-mile  (see  Table  No.  11),  so  that,  should  there  be  a  saving  of  25/^, 
it  would  equal  about  1%  of  the  total  cost  per  train-mile. 

Maintenance  of  bridges  and  trestles  should  be  slightly  less  with  the 
use  of  electric  motors,  because  of  less  vibratory  effects;  maintenance 
of  masonry,  buildings  and  signals  would  not  vary  in  cost  with  change 
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of  system.  We  find  under  "  maintenance  and  renewal  of  way  and  Mr.  Davis, 
works, "  that  there  are  no  items  exclusively  aj^plicable  to  steam-loco- 
motive practice;  but  there  are  six  which  aj^ply  to  electric  traction  only. 
This  arises  naturally  from  the  fact  that  these  items  occur  under  "first 
cost, "  and  must  be  maintained.  They  are :  maintenance  of — (4)  ground- 
return  circuit,  (.5)  overhead-trolley  line  or  third  rail,  (6)  electric  feeder 
lines;  and  renewals  to — (10)  i:)oles  or  insulation  of  third  rail,  (11)  trolley 
or  third  rail  and  ground  return,  and  (12)  feeders.  The  maintenance  and 
renewals  of  these  constitute  an  increase  in  the  total  expenses  of  an 
electric  road  over  those  of  a  road  operated  by  steam. 

The  additional  expense  of  these  items,  on  the  basis  of  all  Massa- 
chixsetts  street  railways,  is  shown  in  Table  No.  11.  This  is,  of  course, 
not  strictly  accurate,  as  they  do  not  operate  under  like  conditions,  but 
the  figures  are  indicative,  so  that,  with  proper  consideration  of  this 
diflfei-ence,  they  can  be  used : 

(e)    4.  Eepairs  of  ground-return  circuit 0.50  per  cent. 

(e)     5.  "         "  overhead  trolley 1 .  12        " 

(e)     6.         "         "  feeder  lines 0.60        " 

(e)  10.   Renewal  of  poles  for  overhead  trolley 0.30        " 

(e)  11.  "         "  overhead  trolley 0  20 

(e)  12.         "         "feeders 0.05 

Total 2.77 

The  probability  is  that  these  ijercentages  are  too  low  for  the  heavy 
powers  and  high  speeds  of  an  electric  road  operating  under  steam- 
railroad  conditions. 

The  next  division  is  that  of  [b]  "Train  Expenses."  The  relative 
consumption  of  coal  by  steam  locomotives  and  electric  motor  cars  or 
locomotives,  while  of  importance,  is  not  so  large  a  percentage  of  the 
operating  exjjenses  as  is  often  imagined.  As  a  rule,  the  attempt  to 
save  in  fuel  account  has  had  more  attention  on  electric  roads  than  was 
warranted,  and  has  been  made  at  the  sacrifice  of  other  and  more  im- 
portant items. 

Omitting  results  obtained  from  compound  locomotives,  the  records 
of  which  are  not  yet  as  extensive  as  those  for  single  expansion,  but 
which  should  show  an  average  saving  of  apjDroximately  20%",  it  has 
been  found  that  in  steam-locomotive  practice,  of  the  character  we  are 
discussing,  the  coal  consumption  per  passenger-car-mile  (exclusive  of 
engine)  averages  about  6.5  lbs.  for  cars  weighing  20-25  tons  on  way- 
trains,  or  30-35  tons  on  through  trains,  and  that  about  an  average  of 
1  lb.  is  added  per  car-mile  for  each  6  tons'  added  weight  of  car.  The 
average  coal  consumption  of  a  j^assenger  engine  (say  40-45  tons)  is 
about  20  lbs.  per  locomotive-mile.  If  we  assume  six  cars  to  a  train,  as 
per  our  example,  we  have  3.3  lbs.  per  car-mile  for  the  engine  and  9.8 
lbs.  per  car-mile  for  the  whole  train,  including  engine.  This  conforms 
to  present  average  practice  of  steam  railroads. 
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Mr.  Davis.  TABLE  No.  11 — COMPARATIVE  Operating  Expenses  of  Steam 


All  Massachusetts  Street  Railways  (Rail- 
road Commission  Reports,  1899). 

Ordinary  division  of  items  in  total 
expenses. 

Total  expenditures. 
(In  nearest  $1  000. ) 

si 

II 

11 

i 
1 

|i 

o 

(a)  Maintenance    and    Reneival     of 
Way  and  Works: 
1.  Repairs  of  earthwork  to  sub- 

(») 

(3) 
Per  cent 

(4) 
Cents. 

2.  Repairs  of  track                        - 

$1  163  000  includes  (1),  (3),  (4), 
(7),  (8),  (9),  (13). 

;-    9.a 

1  6 

3.  Repairs  of   fences,  crossings, 

(e)    4.  Repairs  of  ground-return  cir- 

(e)    5.  Repairs  of  electric  line  ( third  ( 
rail  or  overhead  trolley)..  1 

286  000  includes    (0),    (10), 
(11),  (12),  (15). 

)     ..3 

0.4 

8.             '•          ties 

9              ••          ballast 

(e)  10.             "          third  rail  supports 

or  poles  for  overhead  iroUey 

(e)  11.  Renewal  of  third  rail  or  over- 

(e)  12.  Renewal  of  feeders 

13.  Repairs  of  masonry,  bridges. 

14.  Repairs  of  buildings    . 

91  000 

0.7 

0.1 

15            "          signals. 

(e)  16.  Removal  of  snow  and  ice 

380  000 

2.2 

0.4 

Totals 

$1  820  000 

14.5 

2.5 

(b)  Ti-ahi  Expenses: 

(e)    2.          "       central  power   sta-  \ 
tions "i 

1268  000    includes    (3),    (4), 
(14), (15). 

j-    10.2 

1.7 

4.  Oil  and  waste 

(s)    5.  Repairs    of    locomotives   and 

(e)    6.  Repairs  of  electric  motors  (car 

439  000 
727  000 

3.4 

5.8 

0.6 

7.  Repairs  of  passenger  cars 

1.0 

(s)    9.  Use  of  foreign  passenger  and 
freight  cars. 

(s)  10.  Locomotive  services  (wages), 
(e)  11.  Motorcar  services  (wages sim- 
ilar to  10  and  12  for  steam 

4  893  000  includes  (12). 

39.1 

7.0 

<s)  12.  Passenger     train    services 
(wages)..                        

(s)  13.  Freight  train  services  (wages) 
(e)  14.  Repairs  of  central  power  sta- 

(e)  15.  Central  power  station  services 
(wages)  .        

Totals 

S7  327  000 

58.5 

10.3 

DISCUSSION  OX  ELECTRICITY  VS.  STEAM  FOR  RAILROADS.     431 
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d 

II 
If 

H 

Percentage  of  operating  ex- 
penses   on    Massachusetts 
Electric  Street  Railways  by 
distributing   Column    3  ac- 
cording to  Column  5. 

Probable  average  percentage 
of    operating   expenses  all 
Massachusetts          Electric 
Street  Railways  estimated 
from  Columns  3,  5  and  6. 

Proportion  of  percentage  of 
operating  expenses  of  steam 
railroads,   Column    5,    esti- 
mated for  proposed  railroad 
from   Philadelphia  to  New 
YorkfN.Y.&P.R.T.R.R.), 
to  operate  in  30  to  35  min- 
utes  without   intermediate 
stops. 

Probable      compara- 
tive increase  or  de- 
crease   in    cost     of 
operation       by      a 
change    of    motive 
power  from  steam 
locomotives  to  elec- 
tric motors. 

m 

ill. 

p 

Per  cent.     Per  cent. 
Increase.     Decrease. 

o 

(5) 

Per  cent. 
1.5 

Per  cent. 

0.6970 
3.8130 

0.1395 
O.O0O5 

(7) 
Per  cent. 

0.20 
4.50t 

0.02 

0.50 
1.12+ 
0.60+ 
2.50 
1.24 
0.30 

0.8U+ 

0.20+ 
0.05+ 

0.04 
0.70 
0.03+ 
3.20 

(8) 
Per  cent. 

•  1.5 
5.0 

0.2 

2^0 
0.5 
1.0 

1.5 
2.0 
1.3 

(9)                (10) 
Unaffected. 

(11) 
Cents. 

8.2 
0.3 

0.20 

0.50 
1.12 
0.60 

0  29 

4.6 

1.8600 
1.3950 
0.4650 

1.50 
=!cted. 



3.0 

UnafC 

.    . 

1.0 

0.30 

0.20 
0.05 

1 

2.0 

0.9.300 

0.05 

2  0 

(jnaff 

ir>torl 

0.06 

1.0 

0  13 

23.0 

14.50 

2.77 

1.55 

0  68 

8.0 

5.40 
0.30 
0.50 

1.0 
1.0 

2.60 
0.30 
0.50 

0  98 

0.6 

0  14 

1.0 

0.06+ 

6.0 

3.40 

5.80 

3^0 

0  20 

0.475 

3.0 

=ptPf1 

6.0 

2.0 

7.4 

39.10 

4.0 

Unaffected. 

6  46 

3.0 

5.0 

2.00 
2.00 

- 

2.00 
2.00 

0  33 

42.0 

58.50 

4.20 

3.40 

9  79 

t  Includes  paving. 
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TABLE  No.  11  [Convluded). — Comparative  Opekating  Expenses  of 


All  Massachusetts  Street  Railways  (Rail- 
road Commission  Reports,  1899). 

Ordinary  division  of  items  in  total 
expenses. 

Total  expenditures. 
(In  nearest  $1  000. ) 

^1 

:i 

p 

1 

ll 
II 

O 

(1) 
(c)  Station,    Terminal,     Taxes    and 
General  Expenses: 
1.  Agents   and   station   services 
( wages)  .        . .          .        

(3) 

(3) 
Per  cent. 

(*) 
Cents. 

8.  Telegraph 

4   Taxes  .                            • 

855  000 

625  000  includes  (2),  (8). 

119  000 

310  000 

6.8 
5.0 
0.9 
2.5 

1.1 

5.  General  officers  and  clerks. .. . 

6.  Legal         

0.6 
0.1 

7   Insurance                              

0.4 

8   Stationery  and  printing 

0.2 

10.  Contingent  and  miscellaneous, 
not  included  elsewhere) 

827  noo  includes  (1),  (3),  (9). 

6.6 

1.1 

Totals      

»2  736  000 

21.8 

3.5 

(d)  Accidents,  Loss  and  Damages: 
(s)    1.  To  freight.                 

645  000  Includes  (3),  (4). 

5.2 

0.8 

4     "           "       not  owned 

Totals. 

$645  000 
533  000 

$1384  000 
1280  000 

5.2 

0.8 

(C)  Interest  Account  (discounts  and 

Total  17.1 

(f )  Fixed  Charges: 

cents  per 
car-mile. 

2   Rentals 

Total 

$2  664  000 
2  076  000 

(g)  Dividends 
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Steam  KAiiiKOADS  and  EiiECTKic  Railways,  with  Items  in  Detail.       Mr.  Davis. 


.H 

11 
1} 

®  g 

H 

1" 

Percentage  ot  operating  ex- 
penses    on     Massachusetts 
Electric  Street  Railways  by 
distributing    Column  3  ac- 
cording to  Column  5. 

Probable  average  percentage 
of    operating   expenses  all 
Massachusetts          Electric 
Street  Railways  estimated 
from  Columns  3,  5  and  ti. 

Proportion  ot  percentage  or 
operating  expenses  of  steam 
railroads,   Column    5,    esti- 
mated for  proposed  railroad 
from  Philadelphia  to  New 
York(N.Y.&P.  R.T.R.R.), 
to  operate  in  30  to  35  min- 
utes without    intermediate 
stops. 

Probable      compara- 
tive increase  or  de- 
crease  in    cost    of 
operation       by      a 
change    of   motive 
power  from  steam 
locomotives  to  elec- 
tric motors. 

i 

Per  cent. 
Increase. 

(9) 
Unaff 

Per  cent. 
Decrease. 

O 

(5) 
Per  cent. 

13.0 

(6) 
Per  cent. 

3.81 
2.08 
0.29 

(7) 
Per  cent. 

0.09 
0.90 

(8) 
Per  cent. 

3.0 
0.5 
1.0 
3.5 
2.0 
0.5 
0.3 
0.2 
0.5 

6.5 

(10) 

Cents. 

3.0 

1.0 

3.5 

6.80 
3.80 
0.90 
2.50 
0.30 
0.01 

6.50 

3.5 
0.5 

2.44 

0.19 

0.3 

0.7 

0.48 
0.59 

1.91 

2.0 

6.5 

0.76 

34.0 

31  80 

0.95 

0.3 

Unaffected. 

0.4 
0.2 
0.1 

2.97 
1.49 
0.74 

5.09 
0.10 
0.01 

0.4 
0.2 
0.1 

0.53 
Included  in  (3). 
Included  in  (2) . 

1.0 

5.20 

1 

0  53 

1 
Unaffected. 

Materially  affected,  es 
timated  from  5  to  15°b 
or  more  increase. 
Unaffected. 

Totalll.95  cents 

i 

per  car-mile. 

! 

1 

) 

Total  percentage  of 

increase  7.02^ 

to  17.02;'„'. 

1 
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Table  No.  12  sliows  the  average  amount  of  dry  steam  itsed  per 
horse-power-liour  by  various  types  of  stationary  engines  under  dif- 
ferent  conditions.     It   is    compiled   from  a   large  number   of  actital 

tests. 


TABLE   No.  12. 


-Steam  Consumption  in  Pounds  per  Hobse-Power- 
HouR. 


Type  of  engine. 

Steady  Load. 

Variable  Load  50 
TO  125  Per  Cent. 

Extreme    Varia- 
tions—Railway 
Work,  Etc.,  0  to 
150  Per  Cent. 

Non-con. 

Con. 

Non-con. 

Con. 

Non-con. 

Con. 

33 
23 
25 
30 

14^ 

18 
21 
15 
13 
123^ 

34 
25 

28 

17 

30 
21 
23 
18 
16 
15 

36 

27 

31 

High-speed,  compound 

Slow-speed,  simple 

Slow-speed,  compound 

High-speed,  triple  expansion. 
Slow-speed,  triple  expansion. 

23 


Tables  Nos.  13,  14  and  15  show  the  coal  consumption  per  car-mile 
on  electric  railways,  and  were  compiled  from  information  obtained  in 
1894-95.  Over  600  railways  were  communicated  with,  from  which  58 
have  been  selected  as  giving  the  most  accurate  results. 

Table  No.  13  gives  the  road  by  index  number,  the  State  where 
located,  the  car-miles,  kind  of  boilers,  engines  and  coal,  the  field  from 
which  coal  was  obtained,  the  long  tons  of  coal  u.sed  in  the  given  fiscal 
year,  and  the  pounds  of  coal  consiimed  per  car-mile. 

Table  No.  14  gives  the  average,  highest  and  lowest  pounds  of  coal 
per  car-mile,  grouping  the  roads  by  territorial  sub-divisions  and 
kinds  of  coal,  with  the  number  from  which  the  averages  have  been 
calculated. 

Table  No.  15  gives  the  average,  highest  and  lowest  pounds  of  coal 
consumed  per  car-mile  for  different  classes  of  engine  plants,  with  the 
number  of  roads  from  which  the  averages  have  been  calculated. 

While  the  ton-mile  should  properly  be  the  basis,  yet  the  difficulty 
of  determining  the  number  of  ton-miles  has  led  to  the  adoption  of  the 
car-mile  as  the  best  practical  unit  of  comparison. 

Table  No.  12  shows  a  saving  of  36%  between  the  high-speed  engine 
plant  running  non-condensing  at  36  lbs.  of  steam,  and  the  Corliss 
compound-condensing  at  23  lbs.  Table  No.  15  shows  that  the  high- 
speed engine  plant  averages  about  15  lbs.  of  coal  per  car-mile,  while 
the  Corliss  compound-condensing  averages  aboiit  8  lbs. — a  saving  of 
46%,  sufficiently  close  to  the  36^o  given  above  to  indicate  that  the  coal 
tables  give  faii'ly  accurate  averages.     By  examining  the  coal  tables  we 
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are  led  to  the  conclusion  that  the  efficiency  of  each  system  is  approx-  Mr 
imately  the  same,  for  we  find,  in  general,  that,  where  the  number  of 
car-miles  is  high,  the  consumption  of  coal  per  car-mile  is  low.  In  the 
North  Central  and  Western  States,  where  coal  is  not  of  as  good  quality 
as  in  the  Eastern  States,  the  consumption  is  higher  (assuming,  as  we 
safely  can,  for  our  purpose,  that  the  economy  of  various  types  of 
boilers  is  practically  the  same) ;  with  roads  using  hard  coal  there  is  an 
apparent  higher  average  in  consumption  of  coal,  no  doubt  due  to  lower 
car-mileage  and  fewer  cases;  and  as  more  economical  apj)aratus  is  used 
in  engine  plants,  the  coal  consumption  decreases.  It  would  seem, 
therefore,  that  we  are  correct  in  assuming  that  the  total  efficiency  of 
each  system  is  approximately  the  same,  though  varying  in  each  part 
that  goes  to  make  uja  the  whole.  The  variation  from  25.9  maximum  to 
5  lbs.  minimum  shows  the  average  apjiroximate  value  of  this  informa- 
tion. 

The  amount  of  coal  consumed  per  car-mile  is  dependent  upon  so 
many  conditions,  often  unknown,  that  this  amount,  in  any  given  case, 
cannot  be  used  to  predict  what  the  consumption  will  be  on  another 
road;  hence  the  importance  of  taking  a  large  number  of  cases  upon 
which  to  base  average  results,  which  may  then  be  considered  fairly 
reliable  for  the  determination  of  possible  results  in  any  new  case.  It 
will  readily  be  seen  that  the  amount  of  coal  consumed  per  car-mile 
depends  upon  the  tons  moved,  the  height  through  which  each  ton  is 
moved,  the  speed,  and  the  efficiency  of  the  entire  system.  The  first 
three  are  almost  impossible  to  obtain  on  any  large  number  of  roads 
from  the  ordinary  records  kejjt,  and  can  usually  be  secured  only  by 
specially  arranged  tests.  The  efficiency  of  the  system  depends  upon 
that  of  each  part,  such  as  the  boiler  plant,  engines,  condensers  and 
piping,  generators,  overhead  line,  ground-return,  track,  and  equip- 
ment. High  economy  in  all  but  one  jjart  of  the  system  might  cause 
the  pounds  of  coal  per  car-mile  to  be  high,  and  it  is  therefore  im- 
possible, without  special  test,  to  determine  accurately  the  cause  of 
low  efficiency  in  any  given  case.  By  taking  a  large  number  of  cases, 
and  elimiuating  those  which  are  evidently  far  from  the  average,  we  get 
approximate  information  indicative  of  what  we  may  expect. 

From  Tables  Nos.  13,  14  and  1 5  the  average  coal  consumption  per 
car-mile,  under  the  best  conditions  of  electric  street  railway  practice, 
is  foimd  to  be  about  8  lbs.  The  average  weight  of  these  cars,  loaded, 
cannot  exceed  8  to  10  tons,  so  that  a  six-car  train  would  consume  48 
lbs.  per  train-mile  for  a  maximum  weight  of  60  tons  and  average  speed 
certainly  not  exceeding  10  miles  per  hour;  while  with  a  steam  train 
the  consumption  would  be  58.8  lbs.  per  train-mile  for  a  maximum 
weight  of  200  tons  and  average  speed  of  20  miles  per  hour.  If  we 
compare  with  compound  locomotives.  Fig.  10  is  of  considerable  in- 
terest.    It  indicates  even  a  greater  saving  than  20%  which  increases  as 
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Mr.  Davis.  TABLE  No.  13. 


Steam  Plant 

Coal. 

Road. 

State. 

Car- 
miles. 

Boilers. 

Engines. 

i 

Tons 

Coalfield.          7||d. 

lbs.) 

North  Atlan 

TIC  States  (As  per 

u.s 

.  Census— 1890). 

.56  i? 

116  926 
196  824 
16  794  961 
917  956 
873  177 
226  123 

1  378  518 
146  000 

819  000 

2  162  134 
637  290 

199  290 
350  000 
295  325 

7  164  258 
137  970 

4  558  136 
73  377 
247  482 

149  730 

600  000 
514  989 
400  648 
501  400 

™- 

V.  T. 
R.T. 

V.C. 
C.C.C. 

S. 

s. 
s. 
s. 
s. 

i: 

s. 
s. 

H. 

s. 
s. 
s. 
s. 

s. 

H 

508 

52  878 
2  201 
2  262 
504 
3189 
1000 

2  176 
8  758 
5  100 
1460 

1  200 
682 

23  597 
1460 
19  043 
640 
1130 
387 
1231 

3  600 

2  852 
1697 
2  250 
3000 

97 

42  E 

mE 

Massachusetts. 

Georges  Creek,  Md.. 

10.7 
7  0 

189  E 
74  E 

W.  T. 

H.S.C.C. 

Georges  Creek,  Md.. 

5.4 
5  8 

451  E 

R.  T. 

C.C. 

5  0 

S08E 

Pennsylvania 

5  9. 

WZE 

Connecticut... 
New  York 

New  Jersey 

Pennsylvania. . 

V.  T.   1 
R.T.  ] 
V.  T. 
W.  T. 
W.  T. 

W.  T. 
W.  T. 
R.  T. 
W.  T. 
V.  T. 

H.S.C. 

V.C.C 
V.C. 

H.S.C.C.   (. 
C.C.C.        ) 

Ti  3 

.398  £ 

Pittsburg 

5  9 

78  E 

9  1 

249  £ 

17  9 

214  £ 

16  4 

281  £ 
181^ 
80  .B 
724  E 

H.S. 
V.C.C. 
V.C.C. 
H.S. 

Reynoldsville,  Pa... 

Clearfield,  Pa 

Reynoldsville.  Pa.... 

7.7 
5.2 
7.4 
^S  7 

609  ^ 

s. 
s. 
s. 
s. 

s. 

H. 
H. 

s. 

H. 
H. 

9  3 

842  £ 

R.T. 

H.S.C.C. 

19  5 

60S£' 

10  9 

90  £ 
558  £; 

R.T. 
R.T. 
V.  T. 
R.T. 
W.  T. 
W.  T. 
R.T. 

H.S. 

H.S. 

V.C. 

C. 

H.S.C. 

H.S. 

C.C. 

Clearfield,  Pa 

9.8 
18  4 

211  i; 
54£ 

Hazleton,  Pa 

Girardville,  Pa 

13.4 
12.4 
9  4 

580  £ 
103  .B 

Schuylkill  Co.,  Pa... 
Liken's  Valley,  Pa... 

10.0 
8.1 

North  Central  States  (As  pei 

U. 

S.  Census— 1890). 

648  .B 
150  £ 

Missouri 

Ohio 

2  021  938 
449  680 
331000 
363  040 
319  345 

1  514  892 
530  000 

425  000 
150  000 
515  000 

1  133  188 

1  549  060 
223  130 

2  021  938 
395  650 
378  995 
100  000 

1  145  158 

V.T. 

it.'  T.'  ■  ■ 

R.T. 
V.  T. 
W.  T. 
W.  T. 

R.T. 
R.T. 
W.  T. 

W.  T. 

V.VV.T. 

R.T. 

C. 

C. 

H.S. 

C. 

C. 

H.S.C.        1 

H.S.C.C.    \ 

C. 

H.S. 

V.C.C.       ) 

B.S.C.C^ 

C.C.C. 
H.S.C. 
H.S. 

s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 

s. 

s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 

Illinois 

Jackson  Co..  Ohio 

Wellston,  Ohio 

Illinois  and  Indiana. . . 

Streator,  111....  , 

Duquoin  111 

16  67o'l8.5 
2  555  12.7 

576  £ 
220  E 

1500|10.1 
2  300  14.2 

222  E 

im  E 

43  £ 

256  .B 
250  jB 

Indiana 

Illinois 

Wisconsiia. '..".' 

Minnesota.. . . 

3140,22.0 
9  080  13.3 
4  400,18.6 
3  500*18. 4 
1  500,22.4 

694  £ 
170^ 

Pittsburg.  Pa 

2  190    9.5 
5  510,10.9 

148  i; 

Viclo,Ill 

Pittsburg,  Kan 

1140018  5 

257  JE 
648  i; 

Missouri 

Nebraska 

2  090 
16  670 
2  150 
1980 
800 
9  802 

21.0 
18  5 

825  £ 
743  .B 
53  .B 
295  £ 

R.T. 
R.  T. 
R.T. 

(  V.  T. 

/  R.  T. 

C. 

C. 

H.S. 

H.S.           i 

HS.C.       f 

Crawford  Co.,  Kan 

Pittsburg,  Kan 

Kansas 

Iowa  and  Missouri 

12.2 
11.7 
17.9 
19.2 
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TABLE  No.  IS— {Concluded).  Mr.  Davis. 


Steam  Plant. 

Coal 

Road. 

State. 

Car- 
miles. 

Boilers. 

Engines. 

'6 

a 

Coal  field. 

Tons 
used. 
(2240 
lbs.) 

11 
IS 
II 

South  Atlantic  States  (As  per  U.  S.  Census— 1590). 


811  E 
809  E 
813  £ 


D.  of  Columbia 


I  Georgia. 


.534  000 
365  0(K) 
528  500 

V.  T. 
R.  T. 
W.  T. 

98  550 

W.  T. 

H.S. 

S, 

C. 

s. 

H.S.          1 

s 

H.S.C.     i 

H.S. 

. 

Cumberland,  Md. 

W.  Virginia 

Alabama 


Western 

States 

(As  per  U. 

S.  Census— 1890). 

■i57  E 

Colorado 

Utah. 

3  451 1.36 

138  375 
201  890 

6.58  416 

157  832 
923  694 
434  529 

R.  T. 

R.  T. 

R.  T. 

R.  T. 

C.               1 

H.S.            f 

H.S. 

C.C.            1 

H.S.C.       f 

H.S. 

H. 

s. 
s. 
s. 

s. 
s. 
s. 

Trinidad,  Colo 

25  000 

1350 

838 

3  328 

1825 
2  436 
1250 

16  9. 

901  E 

Colorado 

21  8 

463  E 

(Rock  Spring,  Wyo.. 
\  Pleasant  Valley,  U'h 
iRock  Spring,  Wyo.. 
1  Pleasant  Valley,  U'h 

9  3 

moE 

704  E 

Washington.. 
California.... 

11.3 
"^5  f> 

457  E 

R.  T. 
R.  T. 

C.C. 
H.S.C.C. 

5  9 

751  E 

6  fi 

796  S 

777  .B 

Br.  Columbia 
Ontario 

Quebec 

381400 
6  212  045 

4  888  486 

R.  T. 
W.  T.  ( 

C.C.C. 
C.C.C.        ( 
H.S.C.C.  f 
C.C.C. 

S.  1  British  Columbia 

S 

1200 
18  535 
16  456 

7.0 
6  T 

304  £ 

S.  Cape  Breton,  N.  B.... 

" 

See  note  under  Table  No.  15,  for  explanation  of  abbreviations. 

tlie  speed  rises.  Average  j^ractice  gives  about  5.5  lbs.  of  coal  per 
I.  H.-P.  per  hour  in  single-cylinder  steam  locomotives,  but  the  char- 
acter of  the  service  makes  it  likely  to  have  enormous  variations,  in  any 
given  run.  At  times  this  figure  is  very  much  exceeded,  and  also  often 
falls,  under  favorable  conditions,  to  4.5  lbs.  The  conditions  which 
IJroduce  such  large  fluctuations  in  steam- locomotive  service  do  not 
exist  in  the  central  power  station  of  an  electric  road.  In  the  latter 
case  we  cannot  safely  figure  on  less  than  about  2i  lbs.  of  coal  per 
I.  H.-P.  per  hour.  This  may  be  reduced  in  exceptional  cases,  but  will 
more  often  be  exceeded.  Apparently,  this  is  a  decided  saving  in  favor 
of  the  electric  road,  but  it  is  only  apparent.  Let  us  assume  the  follow- 
ing eflSciencies,  which  are  fair  averages:  Engine,  90^^;  dynamos,  OO^; 
line,  80%;  and  railway  motors,  75  per  cent.  In  considering  these 
figures  it  must  be  remembered  that  most  of  the  time  the  larger  part  of 
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Mr.  Davis.  TABLE  No.  14.— Averages.     Number  of  Roads  and  Average  PorNi 

Per  CAR-MiiiE. 


Locality. 


Pounds  Per  Car-Mile. 


Highest.       Lowest.        Average. 


'I 

18 

3 

?d 

22.4 
25.9 
7.5 

5.0 
7.5 
9.5 
5.9 
6.7 

10  65 

South          •'           "               ..          

9  95 

North  Central        '•       . 

15  97 

Western                  " 

13  86 

58 

12. 40 

Roads  Using  Soft  Coal. 


20 
4 

18 
6 
3 

19.5 
14.5 
22.4 
25.9 
7.5 

5.0 
7.5 
9.5 
5.9 
6.7 

10.01 

South         "           "       

9.95 

15.97 

Canada 

7  20 

• 

51 

10.38 

Roads  Using  Hard  Coal. 


North  Atlantic  States 

0 
"i 

^:^ 

8.1 

12  78 

South          "           " 

North  Central        "       

Western                  "       

16.20 

Canada. 

Totals  and  averages 

7 

.... 

.... 

13.27 

See  note  under  Table  No.  15,  for  explanation  of  abbreviations. 
TABLE  No.  1.5.— Averages  (as  Per  Grouping  of  Engines). 


No.  of 
Roads. 

Pounds  Per  Car-Mile. 

Engine  Plant. 

Highest. 

Lowest. 

Average. 

^ 

9 

7 

1^ 
3 
3 

22.0 
13.4 
10.9 
23.7 
16.5 
19.5 

9.0 
5.0 
5.2 
7.5 
9.4 
5.4 

14.5 

C.  C 

9.2 

c.  c.  c 

H  S 

8.0 
15.0 

H  S   C               

13.7 

H.  S.  C.  C 

10.5 

F.              =  Flue. 

C.  C.  C.       =  Corliss  compound-condensing. 

V.  T.        =  Vertical  tubular. 

H.  S.            =  High-speed. 

R.  T.         =  Return 

H.  S.  C.       =           "           condensing. 

W.  T.       =  Water  tube. 

H.  S.  C.  C.  =           "           comp'd-condensing 

V.  W.  T.  =  Vertical  water  tube. 

■   S.                 =  Soft  coal. 

C.              =  CorUss. 

H.                  =  Hard  " 

C.  C.         =       "        condensing. 

DISCUSSION"  OX  ELECTRICITY  VS.  STEAM  FOR  RAILROADS.     439 


Steam  Consumption  of  Baldwin 
Locomotives  at  Various  Speeds. 


the  system  is  running  considerab]y  below  its  rated  maximum  point  of  Mr. 
economy;  some  engineers  might  place  motors  at  80%,  making  the 
combined  efficiency  of  the  entire  system  about  48.6  per  cent.  It  there- 
fore ajapears  that,  for  a  given  average  horse-power  required  at  the 
diiving-wheel  to  move  trains,  double  that  amount,  or,  for  safety,  even 
more,  must  be  placed  in  the  central  power  station,  making  the  coal 
consumjjtion  5.1  lbs.  -per  I.  H.-P.  -per  hour  at  the  motor  car,  which  is 
but  little  better  than  the  average  of  single-expansion  steam-locomotive 
practice,  while  if  compared  with  compound  locomotives  (4.4  lbs.)  it  is 
higher.  It  must  be  remembered,  however,  that  we  have  been  compar- 
ing the  best  electric 
railway  results  at  low 
speeds  and  light  weights 
with  average  practice  in 
steam  locomotives  at 
high  speeds  and  heavy 
weights;  and,  while  the  | 
efficiency  of  j^resent  elec-  t 
trie  railways  is  probably  ^ 
less  than  if  they  were  ^ 
operated  under  railroad  ^ 
conditions,  it  is  im-  •§ 
jjrobable  that  this  ad-  i 
vantage  would  compen-  s' 
sate  entirely  for  the  i, 
higher  speeds  and  | 
weights  which  would  be  g 
moved  under  such  cir-  | 
cumstances.  S 

It  is  interesting  to 
note,  as  bearing  on  this 
subject  and  as  addi- 
tional indication  of  the 

,  J.  .  Eeiolutwiib  pi  I    Minute 

correctness  of  our  posi- 
tion, that  a  steam  road, 

from  which  the  writer  has  data,  using  over  200  000  tons  of  coal  per 
annum  and  operating  over  42  000  000  car-miles,  consumes  about  11  lbs. 
of  coal  per  car-mile  in  its  locomotives.  Kemembering  that  the  weight 
moved,  in  this  case,  is  considerably  more  than  double  per  car  (exclu- 
sive of  other  conditions),  and  that  small  detached  steam  plants  are 
used,  running  high  pressure  and  single  expansion,  this  is  strong 
corroborative  evidence.  Turning  to  Table  No.  16  we  find  that  the  cost 
per  train-mile  on  the  railroads  of  the  New  England  States  is  about  95 
cents,  or  19  cents  per  car -mile;  this  includes  freight  trains,  which,  if 

*  The  diagram,  Fig.  10,  is  taken  from  a  paper  by  Mr.  S. 
Louis  Railroad  Club,  November  11th,  1898. 
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Mr.  Davis,  eliminated,  would  reduce  tlie  cost  per  train-mile  and  car-mile  for 
passenger  trains.  Electric  railways  in  the  New  England  States  operate 
at  an  average  of  16.52  cents  per  car-mile.  We  also  see  from  Table  No. 
11  tliat  the  average  cost  of  inel  for  locomotives  is  8%  of  the  total  cost 
per  car-mile  (passenger  and  freight),  while,  for  central  jiower  stations, 
it  is  5.4  per  cent.  Combining  these  figures  and  allowing  tor  the  use 
of  comjjound  locomotives  (but  making  no  deduction  for  freight  trains) 
we  have  1.29  cents  per  car-mile  for  locomotive  iwel  and  0.89  cent  per 
car-mile  for  central  power  stations.  The  difference  of  31%",  apparently 
in  favor  of  the  electric  system,  in  the  light  of  the  foregoing  data,  is 
due  undoubtedly  to  light  weights,  low  speeds  and  including  freight 
trains  (say  30  cars  per  train)  in  the  steam-railroad  estimate  of  cost  per 
car-mile,  and  which  would  certainly  disappear  iiuder  steam-railroad 
conditions. 

The  cost  of  coal  would  depend  largely  upon  the  amount  of  power 
necessary  to  operate  a  given  road;  for  the  larger  the  j)ower  and  more 
frequent  the  trains  the  greater  the  saving  by  the  use  of  electric 
traction.  Many  central  stations,  assumed  to  produce  a  horse-power 
at  lower  cost  than  by  smaller  units,  really  do  not,  mostly  due  to  the 
fact  that  so  large  a  part  of  such  a  station  is  idle  many  hours  of  the 
day;  and,  although  at  their  maximum  point  of  economy  they  are  far 
ahead  of  small  units,  the  qiiestion  at  issue  is  not  "the  cost  of  a  horse- 
power at  the  station,"  but  "the  cost  of  a  horse-power  at  the  rim*of  the 
driving  wheels."  The  cost  of  this  last-mentioned  horse-power  for 
electric  traction  is  not  only  made  up  of  station  exj^enses,  but  also  line 
expenses  and  electrical  equipment  expenses,  when  compared  with  the 
cost  of  the  same  horse-power  produced  by  a  steam  locomotive.  When 
these  facts  are  taken  into  consideration  it  is  invariably  found  that  the 
controlling  factor  is  the  headway  of  trains;  the  less  the  headway,  the 
more  chance  for  electric  traction  to  pay,  and  vice  versa,  so  far  as  the 
cost  of  a  horse-power  at  the  rim  of  the  driving  wheel  is  concerned,  as 
affected  by  the  amount  of  fuel  burned.  The  figures  given  show  this 
clearly. 

The  cost  of  handling  coal  would  be  substantially  the  same  with 
either  system,  as  there  would  be  only  one  coaling  station  in  either 
case.  The  cost  of  water  would  undoubtedly  be  greater  in  steam-loco- 
motive practice,  where  it  must  be  supplied  at  various  points  along  an 
extended  line;  but  on  short  suburban  roads,  to  which  our  discussion 
is  limited,  the  steam  locomotive  could  make  a  round  trip  without 
requiring  water,  or  would  have  to  be  supplied  only  at  each  end  of  the 
line;  and,  as  the  central  power  station  would  use  miich  more  water  on 
account  of  larger  horse-power  and  the  use  of  condensing,  it  is  hardly 
likely  that  there  would  be  any  great  difference  between  the  systems. 
The  use  of  oil  and  waste  on  the  motor  cars  should  be  much  less  than 
that  which  is  necessary  for  the  proper  care  of  steam  locomotives; 
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TABLE  No.  17.  ] 

Case  1,  Fig.  11. 
(a)  Unlimited  amount  of  water  power. 

(6)  Two  sources  of  power,  each  100  miles  from  the  line  of  railway  (85  miles  long) 
and  dividing  the  same  into  J4i  i4  and  14- 

(c)  Development  of  these  water-powers  to  cost  no  more  than  eleven  power  stations 

in  Case  3  (this  is  highly  unlikely,  but  favots  Case  1  as  against  Case  3). 

(d)  Three-phase  alternating  current  of  20  000  volts  to  be  used  from  source  of  power 

to  sub-stations,  and  1  000  volts  direct  current  from  sub-stations  to  railway 
motors  (this  favors  Casel  as  against  Case  3). 

(e)  Sections,  8.5  miles  long  (44  892  ft.). 

(/)  Sub-sections,  11  323  ft.  long,  30  in  all,  each  with  a  sub-station  rotary -transformer 
plant. 

(g)  Three  tracks,  minimum  headivay  on  each,  three  minutes:  trains  of  Ave  cars 
each,  being  8.5  miles  apart. 

(/()  Each  train  will  require  not  more  than  10  000  I.  H.-P.  at  the  stations,  under  eco- 
nomical conditions. 

(i)   Each  sub-station  an  economical  rating  of  30  000  I.  H.-P. 

(j)  In  either  case,  feeder  lines  along  the  line  of  railway  equal  each  other  (this  also 
favors  Case  1  as  against  Case  3). 

(/.")  All  other  conditions  to  be  the  same  as  assumed  in  a  previous  article  by  the 
writer.* 
Case  3,  Fig.  13. 

(a)  Eleven  power  stations,  one  for  each  section  and  one  at  each  end  of  the  line,  8.5 

miles  apart,  each  supplying  current  to  3  sub-stations  with  rotary  transform- 
ers—sub-stations  3.135  miles  apart. 

(b)  Cost  of  the  eleven  power  stations,  each  30  000  I.  H.-P.,  economical  rating  to 

equal  the  cost  of  developing  water  powers  in  Case  1  (favoring  Case  1  as 
against  Case  3). 

(c)  Three-phase  alternating  current  of  10  000  volts  from  power  stations  to  sub-sta- 

tions, and  1  000  volts  direct  current  from  sub-stations  to  railway  motors  (this 
favors  Case  1  as  against  Case  3). 

(d)  All  other  conditions  similar  to  e,  /,  g,  /i,  )", ./  and  k,  of  Case  1. 

*  "  The  Enormous  Possibilities  of  Rapid  Electric  Travel."  Engineering  Magazine, 
1897. 

electric  motors  can  have  their  wearing  parts  run  in  oil  boxes,  which 
are  a  protection  against  dust  and  dirt,  and  automatically  lubricate 
the  surfaces  subjected  to  friction,  but  this  cannot  be  done  in  the  case 
of  steam  locomotives.  This  saving  in  an  electric  system  is,  however, 
counterbalanced  by  the  use  of  oil  and  waste  in  the  central  power 
station,  so  that  it  is  unlikely  that  there  would  be  much,  if  any,  differ- 
ence. The  figures  in  Table  No.  11  indicate,  however,  that  there  is  a 
saving  of  about  50%  in  each  of  these  items  as  comjaared  with  steam 
railroad  results. 

Thus  far  we  have  considered  an  electric  line  Avith  power  stations 
located  adjacent  to  the  track  and  with  the  usual  500-volt  direct-current 
system.  If  a  cheap  source  of  power  (waterfall),  located  at  a  distance, 
with  the  power  transmitted  to  the  line,  will  reduce  operating  expenses 
below  what  they  would  be  by  the  assumed  method,  then  this  saving 
can  be  compared  to  the  results  of  a  steam  railroad;  but,  should  the 
reverse  be  true,  the  latter  comparison  is  unnecessary.  An  examjile 
will  best  bring  out  the  facts,  and,  while  the  case  is  hypothetical,  a 
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Mr.  Davis,  careful  examination  of  the  figures  will  satisfy  one  that  the  conclusion 
is  correct,  whether  or  not  the  estimates  in  themselves  are  considered 
accurate. 

Fig.  11  shows  the  layout  of  a  railroad  and  feeder  lines  utilizing  a 
cheap  source  of  power  (Case  1),  while  Fig.  12  shows  one  for  which 
power  is  generated  by  steam  plants  along  the  line  of  the  road  (Case  2). 

Assume  the  conditions  shown  in  Table  No.  17. 

From  Figs.  11  and  12  it  will  be  seen  that  the  track,  third  rail, 
direct- current  feeders,   sub-stations,   etc.,   will  be  the  same  in  both 


KiG.  1 


cases.     The  amount  of  copper  in  the  high-voltage  sub-feeders  in  Fig. 

11,  which  run  from  the  points  where  the  transmission  lines  strike  the 
road  to  the  sub-stations  either  way,  would  be  greater  than  that  in  the 
high-voltage  lines  from  the  power  stations  to  the  sub-stations  in  Fig. 

12.  The  main  point  to  consider,  however,  is  the  high-voltage  trans- 
mission lines  themselves  (Fig.  11)  from  the  water-powers  to  the  points 
where  they  strike  the  line  of  the  railroad.  Under  the  above  conditions, 
if  the  interest  on  the  additional  investment  for  these  transmission  lines 
from  the  "  cheap  source  "  of  power  to  the  railroad  line  in  Case  1,  exceeds 
the  difference  between  Case  2  and  Case  1  in  cost  of  power  delivered  to- 
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the  siib-station  supply  feeders,  then  it  is  unprofitable  to  utilize  the  Mr.  Davi: 
"  cheap  source  "  of  power. 

Our  calculations,  therefore,  can  be  confined  to  the  cost  of  the  two 
transmission  lines  in  Case  1,  each  100  miles  long,  from  the  two  sources 
of  water-power  to  the  line  of  railroad;  and  the  difference  in  the  cost 
of  producing  jjower  at  these  waterfalls  and  the  sub-station  supply 
feeders.  If  the  interest  on  the  former  exceeds  the  difference  in  the 
latter,  then  it  is  unprofitable  to  use  the  "  cheap  source  "  of  i^ower. 

In  making  the  calculations,  every  care  has  been  taken  to  be  fair  to 
the  distant  source  of  power,  and  wherever  then  is  any  room  for  doubt, 
the  "cheap  source  "  has  been  given  the  benefit. 


The  calculation  of  the  ])oiinds  of  copper  necessary  is  as  follows: 
Current  X  Distance  in  feet  X  20 


Circular  mils 
(Diameter  of  wires  squared) 

Watts  _  

V     "  Voltage  of  transmission. 


Current 


Volts  lost  in  line. 
Horse-Power  x  746 


Pounds  of  copper  =  0.016  X  circular  mils  X  miles. 
Horse-Power  X  miles" 


Therefore, 

Pounds  of  copper  =  1  262  000 


(Voltage  of  transmission)  X  (Loss  in  volts). 

For  100  miles  transmission  at  20  000  volts,  and  a  loss  of  voltage  in 
the  line  of  20%",  or  4  000  volts  the  formula  becomes: 
Pounds  of  copper  =  158  X  Horse-Power. 
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This  is  correct  for  direct  current.  For  alternating,  the  inductive 
loss  would  increase  the  amount  of  copper  required  to  obtain  the  same 
total  percentage  loss,  or,  if  the  same  amount  of  copper  were  used,  would 
increase  the  total  j^ercentage  loss.  At  the  same  time  there  would  be  a 
saving  due  to  the  three-phase  wiring  system,  which  would  partly  coun- 
terbalance the  loss  due  to  induction.  The  actual  formula  would  have 
to  be  deduced  for  each  special  case  of  wiring,  but,  on  the  whole,  the 
above  formula,  used  directly,  is  sufficient  for  our  purpose.* 

As  the  horse-power  to  be  transmitted  equals  412  500  at  20j?^  loss 
(330  000  H.-P.  delivered  at  the  railroad  line),  the  total  amount  of 
copper  necessary  is  65  175  000  lbs. 

We  therefore  make  the  comparison  shown  in  Table  No.  18. 

TABLE  No.  18. 

Case  1.  Case  2. 
Allowable  loss  iu  pressure  from  water-powers  to  railway 

line 20.V        

Total  horse-power  to  be  delivered  to  railway  Line  at  supply 

feeders  of  sub-stations .330  000  330  000 

Total  horse-power  at  source  of  power 412  .500  330  000 

Number  of  power  stations 2  11 

Total  horse-power  at  each  power  station 206  250  30  000 

Total   distance   power  is   transmitted   from    each   station 

(miles) 100  0 

Pressure  at  source  of  power  (volts) 20  000  10  000 

"  railway  line  (volts) 16  000  10  000 

lost  in  line  (volts) 4  000  0 

Number  of  sub-stations  supplied  from  each  soui'ce 15  3 

Average  length  of  sub-feeders  (miles) 10.635  4.25 

Number  of  sub-stations  on  each  group  of  sub-feeders 7.5  3 

Pounds  of  copper  in  transmission  line 65  175  000  0 

To  the  total  cost  of  transmission  line,  amounting  to  S25  000  000  (in 
round  numbers),  should  be  added  the  additional  cost  of  developing 
the  two  water-powers  to  412  500  H.-P.  as  against  330  000  H.-P.  in  the 
eleven  steam-power  stations  along  the  railroad  line.  There  should  also 
be  added  the  additional  cost  of  feeder  lines  from  the  two  railroad  ter- 
minals of  the  transmission  lines  to  the  sub-stations,  as  against  the  cost 
of  feeders  from  the  steam-power  stations  to  the  sub-stations.  While 
these  two  items  would  undoubtedly  amount  to  several  million  dollars 
in  the  case  under  discussion,  we  have  omitted  them,  owing  to  the  dif- 
ficulty of  estimating  the  former  without  accurate  surveys  of  special 
localities  to  be  developed;  their  omission  favors  Case  1.  So  far,  we 
have  an  excess  iu  first  cost  of  ^25  000  000  against  Case  1  as  compared 
with  Case  2. 

D  X  W 
*The  correct  formula  is:  Circular  mils  =  -jz =„  X  K; 

Jr  X  Hi 
where  D  =  distance  one  way  in  feet, 

W  =  total  watts  delivered  to  consumer, 
P  =  percentage  of  loss  in  line  of  W. 
K  =  1  690, 
and  E  =  potential  between  conductors  at  consumers'  end  of  line. 
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Table  No.  19  is  an  estimate  of  the  cost  of  our  proposed  transmis-  Mr.  Davis 
sion  line. 

TABLE  No.   19. 

Right-of-way— two  strips  100  ft.  wide  and  100  miles  long  =  about  2  500 

acres  at  $1  000  average $3  500  000 

Engineering,  2^i  on  $15  000  000 300  000 

Clearing  600  acres  at  $100 60  000 

Bridges,  viaducts,  or  submarine  cables,  say  (an  approximate  estimate).  1  500  000 

Fencing 200  000 

Crossings,  say  120  at  $1  000 ' 120  000 

Signals  for  guarding  and  repairing  200  miles  at  $1  OOi) 300  000 

Telegraph,  200  miles  at  $1  000 200  000 

Narrow-gauge  repair  track  and  equipment,  200  miles  at  $5  000 1  000  000 

Feeders,  65  175  000  lbs.  at  15  cents  in  place 9  780  000 

Pole  line,  11  000  poles  set  in  concrete  at  $100  each 1  100  000 

Discount  on  $25  000  000,  3,V  100-year  bonds 1  250  000 

Interest  on  bonds  to  opening  of  road,  say  10  years  of  construction, 

averaging  $2  500  000  per  annum  at  3%" 4  125  000 

Taxes  to  opening  of  road,  assuming  J4  assessment  and  2.V  rate 1  375  000 

Office  expenses,  salaries,  etc.,  to  opening  of  road,  2^i  on  $15  000  000 300  000 

Contmgent,  etc.,  not  itemized,  to  opening  of  road,  5.2.%' 1  300  000 

Total  cost $25  310  000 

Table  No.  20  is  a  comparison  of  the  running  exijenses  under  the 
two  conditions,  based  upon  the  calculations  in  "The  Enormous  Pos- 
sibilities of  Eapid  Electric  Travel,"  already  referred  to,  the  items 
being  given  in  percentages  of  the  total  cost  per  car-mile  run,  and 
being  reasonable  averages  (Table  No.  11,  Column  8). 

TABLE  No.   20.* 

Case  1.  Case  2. 

Repairs  of  N.  G.  track  on  transmission  line  right-of-way 1  .OJo"  

Repairs    of   fences,  crossings,  etc.,  on  transmission   line 

right-of-way 0. 1  "o"  

Repairs  of  feeder  lines  on  transmission  line  right-of-way  ...  6.0;^  

Renewals  of  poles  and  insulation  on  transmission  line  right- 
of-way 1.5.%'  

Renewals  of  feeder  on  transmission  line  right-of-way 1.0^  

Repairs  of  bridges  and  trestles  on  transmission  line  right- 
of-way 0.3,V  

Repairs  of  buildings  on  transmission  line  right-of-way 0. 1,V  

Repairs  of  signals  and  telegraph  on  transmission  line  right- 
of-way 0.5.V  

Fuel  for  power  stations B.OJJ^" 

Water  supply 1 .0°^' 

Oil  and  waste 0.5.V  1 .0,V 

Repairs  of  power  stations 2.0^^^  4.0^ 

Power  station  wages 2.0X  4.0V 

Average  horse-power  developed  at  source  of  power 412  500  330  000 

Total  car-miles  per  annum 43  435  000  43  435  000 

Total  cost  per  car-mile 15  cts. 

Add  for  excess  power  developed  by  water-powers   (35%') 

say 3.0^  

*  All  other  items  being  the  same,  the  reader  is  referred  to  the  other  articles  men- 
tioned in  this  discussion. 
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From  Table  No.  20,  it  is  seen  that  the  items  added  to  the  cost  per 
car-mile  by  the  use  of  water-powers  located  100  miles  away  about  bal- 
ance the  greater  cost  of  fuel,  water,  oil  and  waste,  repairs  to  power 
stations,  and  power-station  wages,  where  the  stations  are  located 
close  to  the  tracks  and  operated  by  steam  power  (each  amounts  to 
18  per  cent.).  Hence  the  total  expenses  would  be  practically  the  same 
for  each  case.  As  the  transmission  lines  cost  f 25  000  000,  the  interest 
thereon  is  the  total  increase  in  the  exjiense  of  utilizing  the  water- 
powers  instead  of  steam-j)ower  plants.  This  interest  may  be  figured 
at  S%  ($750  000),  4:%  {^1  000  000),  5%  {U  250  000),  6%  (U  500  000),  or 
even  10/^  (-^2  500  000),  as  the  case  may  require,  or  good  judgment  dic- 
tate. The  use,  therefore,  of  these  supposed  water-powers  would 
decrease  the  earning  capacity  instead  of  increasing  it. 

Let  us,  for  the  moment,  assume  that  our  calculations  of  the  ojjerat- 
ing  exi^enses  with  the  use  of  water-powers  is  inaccurate,  that  in  many 
of  the  items  there  is  a  greater  saving,  and  that  those  having  no  counter- 
part in  the  other  column  can  be  materially  reduced. 

TABLE  No.  21. 

Saving  in  Cents  per  Car-mile  which 

must  take  place  to  allow  the 

m  vestment. 

5.81 
3.68 
2.90 
2.32 
L74 

But  18%"  (total  of  percentage  items  in  Table  No.  20)  of  15  cents 
(assumed  cost  per  car-mile)  equals  2.7  cents;  so  that,  at  the  five  interest 
rates,  we  can  afford  to  have  our  figures  wrong  by  the  percentages  shown 
in  Table  No.  22. 

TABLE  No.  22. 

With  interest  at  10%"  —  266%'  of  18%  =  (38%  of  total) 
"    6% -133%  "     '•     =(24%  "     "    ) 
"    5^^  —  105%  "     "     =(19%  "     "    ) 
"    4%  -    83%  "     "     =  (15%  "     "    ) 
"  "    3%  -    64:%   "      "     =  (11%   "      "     ) 

It  is  unlikely  that  we  have  made  any  such  error  as  would  be  neces- 
sary to  show  that,  even  with  money  worth  only  8%,  it  would  pay  to 
iitiJize  the  water-powers  in  the  case  we  have  discussed.  Furthermore, 
we  have  favored  Case  1  in  every  way,  and  more  esijecially  by  compar- 
ing a  20  000-volt  system  with  one  of  10  000  volts. 

Had  we  used  higher  voltages  on  our  transmission  line,  the  copi^er 
would  have  cost : 

At    50  000  volts  63  x  H.-P.  =  10  310  000  lbs.  i^l  555  000. 

"100  000      "  25  X  H.-P.  =    2  600  000    "  390  000. 


uterest. 

Car-miles. 

Total  Interest. 

10% 

43  435  000 

$2  500  000 

6%- 

" 

1  500  000 

5% 

" 

1  250  000 

4:% 

" 

1  000  000 

^% 

" 

750  000 
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By  using  higher  voltages  some  items  of  the  first  cost  would  be  Mr. 
slightly  reduced,  but,  as  these  constitute  more  than  60%"  of  the  total 
cost,  whereas  copper  constitutes  less  than  40%",  a  reduction  in  the  latter 
increases  the  percentage  of  the  former,  although  reducing  the  actual 
amount.  Using  100  000  volts,  the  first  cost  would  not  be  less  than 
$10  000  000;  the  interest  on  this  at  3%  equals  ^300  000,  and  the  corre- 
sponding saving  per  car-mile  which  must  take  place  to  allow  this  in- 
vestment equals  0.7  cent;  therefore  25%"  of  18%  (4.6%  of  total)  can  be 
allowed,  even  in  this  case,  for  errors  in  our  calculation. 

The  case  we  have  discussed  shows  conclusively  that  it  would  not 
pay  to  utilize  the  water-powers.  But,  it  may  be  said,  this  covers  only 
one  iJroblem.  While  this  is  true,  nevertheless  this  problem  is  one 
chosen  to  enable  us  to  arrive  at  a  general  conclusion;  for  we  are  dealing 
with  a  very  large  amount  of  power  at  a  comparatively  short  distance. 
The  larger  the  power  to  be  used,  the  more  likely  it  is  that  a  cheap 
source  will  prove  profitable;  the  greater  the  distance  over  which  the 
power  must  be  transmitted,  the  less  likely  it  is  that  a  cheap  source  will 
prove  pi-ofitable. 

These  calculations  have  been  given  to  bring  out  clearly  how  unlikely 
it  is  that,  even  by  the  use  of  alternating  long-distance  transmission,  a 
trunk  line  like  the  Pennsylvania  Eailroad,  for  example,  will  convert 
its  entire  system  to  electric  traction.  This  system,  east  of  Pittsburg, 
has  2  747.35  miles  of  railroad,  8  259.36  miles  of  single  track,  1  803 
locomotives,  1  765  passenger,  baggage  and  express  cars,  and  90  527 
goods  cars.  If  locomotives  were  converted  at  an  average  horse-power 
of  300  each,  this  would  make  an  aggreate  of  2L6  360  H.-P.  to  be  trans- 
mitted (allowing  20%  in  shops  and  50%  of  the  total  horse-power  of  the 
locomotives  to  be  transmitted),  while  it  would  have  to  be  taken  over  many 
times  the  distance  given  in  the  example.  Apply  the  formiila  for  pounds 
of  copper  in  transmission  line  and  we  see  how  enormously  the  weight 
is  increased  as  the  distance  increases  in  the  case  of  the  Pennsylvania 
Railroad.  The  cost  is  astonishing  when  one  remembers  the  claims  of 
an  enthusiast  who  stated:  "Where  water-power  is  always  available 
within  a  few  hundred  miles"  or  "for  desert  railways,  where  water 
cannot  be  obtained,"  "  electric  traction  is  eminently  suitable." 

Repairs  of  passenger  locomotives  and  tenders  on  steam  roads 
average  from  4  to  6  cents  per  mile,  with  about  1.5  cents  to  be  added 
for  repairs  to  tools,  shops,  machinery,  etc.,  properly  chargeable  to 
"  motive  power  repairs."  Statistics  of  electric  roads  are  very  imper- 
fect and  unreliable  on  matters  of  this  iind,  not  only  because,  in  the 
l)ast,  such  roads  have  usually  been  operated  by  those  familiar  with 
horse  traction,  and  having  little  mechanical  knowledge  of  or  inclina- 
tion toward  the  precise  methods  of  steam-railroad  management  and 
operation,  but  because  of  the  constant  change  of  apparatus  long  before 
the  old  had  given  the  life  which  could  reasonably  be  expected  of  it  as 
a  piece  of  mechanism. 
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Mr.  Davis.  Even  if  we  had  sueli  data  as  we  might  wish  from  existing  electric 
roads,  they  would  be  only  indications  of  what  might  be  expected  on 
a  system  similar  to  the  one  under  discussion.  From  Table  No.  11  we 
find  that  locomotive  and  passenger  car  repairs  amount  to  9%,  while 
motors,  trucks  and  cars  on  the  electric  railroads  of  Massachusetts  cost 
9.1%,  which  again  favors  the  steam  railroads;  for  to  this  must  be 
added  2%  for  power-plant  repairs,  making  a  total  of  11.2  per  cent. 

When  we  remember  the  small  horse-power  involved,  and  the  light 
weights  and  low  speeds,  it  is  hardly  likely,  with  the  large  increase  in 
these  necessary  iinder  steam-railroad  conditions,  that  the  cost  of  repairs 
and  maintenance  of  the  motive  power  of  an  electric  road  will  be  any 
less  than  that  of  a  steam  road.  It  is  to  be  regretted  that  more  reliable 
and  extensive  data  are  not  obtainable.  Eepairs  and  maintenance  of 
jaassenger  cars  would  be  the  same  in  either  system.  The  item  "use 
of  foreign  passenger  cars  "  is  the  rental  jjaid  for  the  use  of  cars  of 
other  roads  while  retained,  and  of  course  would  be  unaffected  by  the 
use  of  any  particular  system.  While  the  operation  of  a  motor  car 
involves  far  less  labor  than  that  of  a  steam  locomotive  and  its  tender, 
yet  the  danger  that  the  operator  might  be  incapacitated  makes  it 
necessary  to  have  two  men  at  the  head  of  the  train,  although  one  man 
would  easily  be  able  to  do  all  the  required  work.  As  it  takes  two  men 
to  run  the  ordinary  passenger  locomotive,  there  would  be  no  advan- 
tage of  one  system  over  the  other.  It  would  be  a  mistake  to  save 
wages  by  utilizing  a  lower  degree  of  intelligence  or  skill  for  motormen 
and  their  assistants  than  is  now  used  for  engineers  and  firemen  on 
steam  railroads;  the  tendency  to  do  this  has  cost  electric  street-rail- 
way owners  many  thousands  of  dollars  — more,  in  fact,  than  is  usually 
realized.  Passenger-train  service  would  not  be  affected  by  the  use  of 
one  system  or  the  other.  Central-power-station  service  is  an  addi- 
tional charge  against  the  electric  road.  Were  the  operative  method 
changed,  train  services  (wages)  woiild  be  greatly  increased,  as  shown 
in  Table  No.  11. 

We  now  come  to  (c)  "  Station,  Terminal,  Taxes  and  General 
Exi3enses,"  divided  into  ten  siibdivisions,  none  of  which  is  affected 
by  the  character  of  road-bed,  rolling  stock  or  mechanical  apparatus 
of  any  kind,  but  is  dependent  upon  the  character  of  the  business 
handled,  the  mode  of  operation  and  the  volume  of  traffic;  therefore 
these  items  are  unaffected  by  the  use  of  any  particular  motive  power. 
The  same  statements  apply  to  the  division  {d)  "Accident,  Loss  and 
Damage,"  and  to  (e)  "Interest  Account." 

"  Fixed  charges  "  includes  interest  on  bonds,  and  rentals;  the  actual 
rate  of  interest  on  bonds  is  not  affected  by  the  system  used,  except  in 
ways  beyond  the  scope  of  this  discussion.  We  have  shown  that  the 
first  cost  of  an  electric  system  is  considerably  greater  than  that  of  a 
steam-locomotive  road  when  ojierating  under  the  same  conditions,  and 
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only  in  one  case  will  it  be  less,  namely,  when  the  units  are  small,  light  Mr.  Da\ 
and  very  frequent,  when  the  cost  of  locomotives  would  more  than  equal 
the  natural  increases  caused  by  electricity. 

Therefore  the  "  fixed  charges  "  of  an  electric  system,  under  steam- 
railroad  conditions  will  be  much  higher,  and  this  may  vary  from  5  to 
15%"  or  more  as  an  increase  of  expenses  against  the  electric  road,  as- 
suming, of  course,  that  the  cost  in  each  case  is  covered  by  bonds,  which 
is  now  usual. 

This  is  no  inconsiderable  item,  as  the  average  fixed  charges  of  our 
l^resent  steam  roads  are  not  less  than  20^  of  the  gross  receipts,  and, 
if  this  is  increased  largely  by  the  use  of  electricity,  it  is  more  of  a 
burden  than  can  be  overcome  by  inconsiderable  savings  in  items  of 
operating  expenses  (if  such  savings  are  even  possible),  such  as  slightly 
lower  coal  consumption,  motor  car  repairs  and  maintenance,  bridge 
repairs  and  maintenance,  track  repairs  and  maintenance,  etc.,  which 
may  be  claimed  in  favor  of  electricity  by  some  ardent  advocates,  irre- 
spective of  the  intrinsic  merits  of  any  given  problem. 

To  recapitulate:  We  see,  by  Table  No.  11,  that  the  additional 
charges  against  electric  traction,  omitting  interest  on  increased  fixed 
charges,  amounts  to  6.97%,  while  the  savings,  allowing  the  maximum 
in  each  case  and  all  doubtful  items,  is  4.95%  ;  or  2.02'V  against  the 
electric  system,  with  the  largest  of  all  items  not  considered. 

From  what  precedes  we  have  shown  that  the  following  would  be 
additional  charges  against  the  electric  road  over  a  steam  railroad,  and 
that  they  wotild  not  be  inconsiderable,  especially  the  interest  charge: 

1.  Interest  on  increased  cost. 

2.  Renewal  and  repairs  of  transmission  line. 

3.  Rejjairs  of  motors  and  central  power  plants. 

4.  Cantral-power-station  services. 

And  the  following  the  possible,  but  not  necessarily  probable, 
savings : 

1.  Renewal  of  rails. 

2.  Repairs  of  bridges,  trestles,  etc. 

3.  Fuel  for  central-power  plants  (unlikely). 

4.  Water  supply  (unlikely). 

5.  Oil  and  waste  (unlikely). 

These  are  items  of  sufficient  importance  to  necessitate  a  very  careful 
study  of  each  individual  problem  before  deciding  upon  a  change,  or 
even  an  original  installation. 

But  some  may  say  that  the  average  of  17  cents  per  car-mile  is  high 
for  electric  roads,  and  so  it  is  for  a  first-class  well-managed  road,  but 
so  is  19  cents  for  a  similar  steam  road.  The  Metropolitan  Street 
Railwav  of  New  York  makes  the  statement  tjiat  they  operated  at  11.95 
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>ir.  Davis,  cents  per  car-mile,  while  in  an  article  in  Cassier's  Magazine  of  August, 
1899,  the  statement  is  made  that  the  Chicago  South  Side  Elevated 
operated,  in  the  month  oi  December,  1898,  at  7.5  cents  per  car-mile. 
Both  these  figures  must  be  taken  with  a  great  deal  of  caution,  and  for 
the  same  reason,  namely,  the  period  during  which  both  systems  have 
been  in  operation  has  been  short,  and  neither  yet  knows  what  its  true 
operating  expenses  are.  Table  No.  11  (last  column)  indicates  this.  In 
this  table  it  is  seen  that  the  "train  expenses"  of  the  Metropolitan 
Street  Railway,  most  items  of  which  are  unaffected  by  time,  are  ap- 
proximately equal  to  the  average  of  all  Massachusetts  roads,  which  have 
been  running  several  years,  while  "  maintenance  and  renewal  of  way 
and  works  "  are  about  25%"  of  the  Massachusetts  roads.  "  General 
expenses "  are  also  about  25%,  and  accidents  about  70  per  cent. 
General  expenses  were  distributed  between  cable,  horse  and  electric 
systems;  but,  assume  that  these  figures  are  correct,  and  that  an 
electric  road  can  be  operated  at  7.5  cents  j^er  car-mile,  even  then  they 
are  not  approaching  the  best  steam  railroad  results.  The  Pennsyl- 
vania Railroad  Division  of  that  system  operated,  in  1897,  about  5  cars 
per  passenger  ti'ain  and  30  cars  per  freight  train  (both  figures  are 
probably  underestimated);  a  total  train  mileage  of  about  50  000  000 
was  made,  divided  into  16  000  000  passenger-train-miles  and  34  000  000 
freight-train-miles.  The  cost  per  train-mile  was  about  75  cents  for  the 
total  mileage.  Taking  75  cents  as  the  actual  cost  per  train-mile,  for 
either  jjassenger  or  freight,  we  would  have  15  cents  per  car-mile  as 
operating  expenses  for  passenger  cars  and  2.5  cents  per  car-mile  for 
freight.  This  method  of  estimating  is  obviously  wrong,  for  a  freight- 
train-mile  must  cost  more  than  a  passenger-train-mile,  but  the  former 
would  have  to  rise  above  the  average  to  ^2. 25  per  freight-train-mile 
before  the  cost  per  car-mile  would  increase  beyond  7.5  cents.  Again, 
the  average  weight  of  an  electric  car  may  be  taken  at  20  000  lbs.  (10 
tons),  so  that  at  7.5  cents  per  car-mile  the  operating  expenses  would 
be  0.75  cent  per  ton-mile,  while  the  Pennsylvania  Railroad  Division 
operated  at  0.311  cent  per  ton-mile. 

In  making  a  comparison  in  the  use  of  steam  locomotives  and  electric 
motors  as  motive  powers,  it  is  sesn  that  only  where  the  units  are 
many,  light  and  frequent,  and  operated  over  comparatively  short  dis- 
tances, can  the  use  of  electricity  result  in  lower  first  cost  or  oiierating 
expenses;  but  this  involves  a  change  in  the  method  of  operation  for  it 
to  prove  desirable.  Where  units  are  few,  heavy  and  infrequent,  and 
operated  over  long  distances,  the  use  of  steam  locomotives  will  result 
in  lower  first  cost  and  operating  expenses,  and  prove  more  desirable. 
Though  this  general  statement  may  be  modified  by  special  conditions, 
siich  as  very  high  speeds  at  freqaeut  intervals,  it  ^vill  generally  govern 
in  determining  changes,  or  the  choice  of  one  or  the  other,  in  the  case 
of  newly  projected  roads. 
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Without  trying  to  define  the  exact  limit  beyond  wbicli  electricity  Mr. 
would  be  injudicious,  we  can  state  that,  exce^^t  for  suburban  traffic, 
and  interurban  traffic  between  towns  a  short  distance  apart,  electric 
traction  is  to-day  higher  in  first  cost  and  operating  expenses;  and  even 
when  used  under  such  conditions,  it  may  still  be  so,  and  success  will 
only  come  with  a  corresponding  change  in  operative  methods. 

The  fact  that  usually  the  first  cost  and  the  total  expenses  will  be 
greater  with  electricity  than  with  steam  might  lead  us  to  discard  the 
thought  of  using  the  former  under  any  circumstances,  were  it  not  for 
the  question :  How  will  our  gross  receipts  be  afiected  by  the  use  of 
one  or  the  other  system?  If  by  using  electric  traction  we  can  increase 
sufficiently  the  gross  receipts  per  car-mile  or  train- mile,  and  per 
mile  of  road,  we  can  afford  to  pay  for  the  additional  first  cost  and 
greater  total  expenses.  This  is  the  vital  question  and  the  real  one  at 
issTie,  although  usually  not  so  considered;  but,  in  general,  the  induce- 
ment to  adopt  electricity  instead  of  steam,  or  to  discard  the  latter,  will 
be  the  increased  travel  which  iindoubtedly  comes,  in  a  greater  or  less 
degree,  to  roads  using  electric  motors. 

Freight  and  miscellaneous  receipts  cannot  be  affected  by  any  change 
of  motive  power,  so  our  discussion  will  be  confined  to  the  effect  on 
l^assenger  receipts. 

3.   Gkoss  Receipts. 

By  examining  statistics  of  steam  railroads  we  find  that  the  volume 
of  travel  is  influenced  by  such  features  as  the  following  :  Convenient 
location  of  stations  with  respect  to  centers  of  population  ;  length  of 
line  ;  proximity  of  terminals  to  the  centers  of  pojDulation  ;  number  of 
trains  ;  (the  four  jjoints  just  mentioned  have  an  overwhelming  eflect 
on  short-haul  traffic)  ;  good  road-bed  and  track  neatly  kept  ;  hand- 
some commodious  stations,  with  first-class  appointments  and  service  ; 
comfortable  and  luxurious  cars  ;  block  signals  ;  cleanliness,  etc. 
Profit  is  proportional  to  success  in  obtaining  that  travel  which  enables 
each  train  to  run  full,  for  the  cost  of  a  train-mile  is  not  affected  by  the 
number  of  seats  taken  ;  and  it  is  this  travel  which  is  obtained  by  a  line 
giving  weight  to  its  "location"  and  "appointments."  In  freight 
competition  between  railroads  the  rates  are  ultimately  dependent  upon 
the  cost  from  "  consignor  to  consignee,"  not  from  station  to  station, 
and  the  railroad  eventually  pays  the  additional  cost  of  lighterage, 
switching,  cartage,  etc.,  and  the  profit  thereon,  whether  by  actual 
difference  in  rates  or  loss  of  business. 

The  same  is  true  in  passenger  traffic,  as  will  be  seen  by  free  omni- 
buses, reduction  in  rates,  etc.  If  you  can  take  the  passenger  up  at  his 
own  door  and  set  him  down  at  his  place  of  destination,  you  have  not 
only  suited  his  convenience  (and  thus,  as  we  shall  see,  induced  him 
to  travel  oftener),  but    have  secured  those  receipts  which  otherwise 
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Mr.  Davis.  TABLE   No.    23. — PoPtJIiATION 


Maine 

CoDnecticut... 
Massachusetts . 
Rhode  Island . . 
New 
Vermont 

Totals  and  averages 


(2) 
661  086 
746  258 


345  506 
376  530 
332  422 


(3) 

22.11 
154.03 
278.48 
318.44 

41.81 


(*) 
29  895 
4  845 

8  040 
1085 

9  005 
9  135 


79.79    62  005 


£5 


Urban  Population  (calcu- 
lated FROM  U.  S. 


Towns  8  000 
and  upward. 


Total 
popula- 
tion. 


(5) 


4  845  I  17 
8  010  i  47 
1085 

8  328 

9  135 


(6)    (7) 

130  346 

385  287 

1  '  4  931 

272  571 


10 


;350 


Towns  2  500 

to  8  000. 

"o  "^ 

Total 

n^ 

popula- 

^S 

C8) 

ce) 

39 

152  677 

49 

204  923 

103 

445  018 

13 

55  439 

22 

85  137 

90  713 

2  482  543  i  248 


would  have  gone  to  omnibuses,  liackmen,  and  street-car  lines.  This 
the  steam  railroads  have  failed  to  do,  and  it  is  clear  that  they  cannot 
altogether  do  away  with  these  feeders  natural  to  their  peculiar  modes 
and  conditions  of  traffic  ;  but  there  is  little  room  to  doubt  that  in  many 
cases  steam  railroads  can  modify  their  present  methods,  for  suburban 
traffic  out  of  large  centers  of  population  and  for  interurban  jiassenger 
traffic  on  branch  lines  between  centers  of  population,  by  the  use  of 
electricity,  paying  the  additional  first  cost  and  greater  total  expenses 
out  of  the  probable  (we  might  say  certain)  enormous  increase  in  their 
gross  receipts.  This,  the  writer  believes,  can  be  accomplished  only 
by  a  radical  change  in  the  present  methods  of  operation,  making 
them  approach,  on  parts  of  the  system,  the  present  "  leave-at-your- 
door  "  plan  of  our  street  railways,  while  keeping,  on  the  rest  of  the 
system,  the  i^resent  methods  of  steam  railroads  with  possibly  some 
minor  moditications.  To  accomplish  this  to  advantage,  the  use  of 
electricity  will  probably  prove  advisable,  although  in  some  instances 
a  combination  of  electricity  with  steam  might  give  the  best  results. 
The  great  increase  in  gross  receipts  and  in  net  revenue  may,  and  very 
often  will,  decide  the  question  beyond  any  jjossible  doubt  in  favor  of 
electricity,  always  remembering  that  the  adoption  of  electric  traction 
means  a  corresponding  adai^tation  of  operative  methods,  and  not  the 
mere  apjjlication  of  a  special  form  of  motive  power. 

Let  us  consider  some  of  the  figures  bearing  on  the  problem. 

The  Pennsylvania  Railroad  originally  spent  about  .$5  000  000  for  its 
Broad  Street  terminal;  the  great  St.  Louis  Bridge  and  Union  Station 


DISCUSSION  ON  ELECTRICITY  VS.  STEAM  FOR  RAILROADS.     455 
Statistics  (United  States  Census).  Mr.  Davis. 

Urban  Population  (Calculated  from  U.  S.  Census,  1890). 


Towns  1  000 
to  2  500. 


Total 
popula- 
tion. 


Total  in  Towns 
1  000  and  up- 
ward. 


Total 
popula- 
tion. 


Balance     x^ble  No.  28. 

of    popu- 
lation 
not  in 
towns, 

1  000  and 

upward. 


Table  No.  29 

(omitting 

CIS). 


Popula-    o  g 

tion      jo-^ 
served,    i^o 


Popula- 
tion 
served. 


Table  No.  28 
plus  29  (omit- 
ting C  13). 


Popula- 
tion 
served. 


110) 
143 
56 
107 
9 
74 


172  984 
14  112 
105  018 
135  831 


(12) 
190 
122 


(13) 
492  887 
680  104 
2  182  933 
342122 
293  213 
252  894 


(1*) 

168  199 
66  154 
56  010 
3  384 
83  317 


(15) 
25 
52 
144 


(16) 
175  676 
326  252 

1  850  837 


(18) 
90  219 
401  858 


(19) 


(30> 
210  887 
474  420 


cost  many  more  millions;  wliile  the  Market  Street  terminal  of  the 
Philadelphia  and  Reading  Eailroad,  the  Union  Station  of  the  Boston 
and  Maine  Railroad  systems,  the  Southern  Union  Station  of  the  New 
York,  New  Haven  and  Hartford  Railroad  in  Boston,  and  the  Grand 
•Central  Station  in  New  York  are  proofs  of  the  millions  of  dollars  spent 
by  railroad  comi^anies  to  locate  their  terminals  at  or  near  the  centers 
of  population.  These  expenditures  were  incurred  almost  entirely  for 
the  sake  of  increasing  the  suburban  passenger  traffic,  although  giving 
a  decided  stimulus  to  through  and  competitive  business.  In  the 
writer's  opinion,  our  steam  railroad  companies  can  afford  to  double  (to 
use  a  broad  and  inaccurate  expression)  these  investments  to  accom- 
plish what  has  been  suggested  above,  reaping  a  handsome  return  from 
the  increased  gross  receipts  from  the  passenger  traffic  thus  obtained 
and  encouraged. 

Taking  the  New  England  States  as  a  basis  for  comparison — for 
there  we  shall  find  the  shortest  hauls,  the  most  dense  population, 
the  greatest  number  of  trains,  and  the  most  accurate  statistics — we 
have  from  Poor's  Manual,  Railroad  Commissioner's  Reports  and  special 
calculations  by  the  writer  the  various  tables  and  figures  hereafter  dis- 
cussed. 

Effect  of  Increased  Populat ion. — Fig.  1  shows  clearly  the  enormous 
growth  of  population  and  railroad  mileage  in  the  United  States  since 
1830,  when  steam  railroads  were  just  coming  into  existence.  Street 
railways  started  at  about  the  same  time,  the  first  street  car  operating 
on  the  New  York  and  Harlem  Railroad  tracks,  Fourth  Avenue,  New 
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Mr.  Davis.      TABLE   No.    24.  — Growth   of  Street  Eatlways    in    10   Years, 

1888  TO  1898  (a). 


Motive 
Power. 

Number  op 
Railways. 

Miles  of  Track. 

Number  of  Cars. 

Average 
Length    of- 

Railway 
(Miles  of 

Track). 

1888. 

86 

217 

5  474 

216 

1898. 

Percentage 
to  total. 

1888. 

1898. 

Percentage 
to  total. 

1888. 

4.09 
12.06 
9.67 
6.17 

1888. 

1898. 

914 
20 

112 
27 

1888. 

1898. 

90.2 
3.0 
4.2 
2.6 

1888. 

1898. 

1898. 

Electric 

Cable 

Horse 

Steam 

21 
18 
566 
35 

14  782 
486 
683 
421 

1.4 
3.6 
91.4 
3.6 

172 

2  777 
21  736 
(6)423 

41  402 
2  920 
2  860 

(6)404 

0.6 
11.1 
86.6 

1.7 

87.8 
6.2 
6.0 
0.8 

16.17 
24.30 
6.09 
16.59 

Totals.  . 

640 

1073 

5  993 

16  372 

25  108 

47  586 

(a)  From  an  article  by  Mr.  William  J.  Clarke,  entitled  "  Electric  Railways  in  America 
from  a  Business  Standpoint." — Cassier^s  Magazine^  August,  1899. 
(6)  Includes  locomotives. 
This  table  is  evidently  appi'oximate,  and  was  undoubtedly  not  intended  to  be  exact. 


York  City,  in  Novembei-,  1832.  It  would  be  curious  if  in  the  near 
future  (70  years  after)  some  steam  railroad  should  again  change  its 
mode  of  ojaeration  so  as  to  approach  the  methods  of  street  railways. 
Curves  Nos.  7  and  8  show  the  growth  of  urban  population  (according- 
to  United  States  Census  those  communities  which  have  8  000  or  more 
inhabitants),  while  Table  No.  23  shows  the  urban  population  in  Massa- 
chusetts down  to  towns  of  1  000  inhabitants. 

It  IS  unfortunate  that  the  old  horse  railways  have  left  so  few  records,, 
but  Fig.  2,  showing  the  increase  of  mileage  in  Massachusetts  from  1870, 
gives  an  indication,  while  Table  No.  24  shows  the  growth  of  street 
railways  in  ten  years,  1888  to  1898.  The  mileage  of  street  railways 
(16  000)  when  compared  with  that  of  steam  railroads  (182  000)  shows 
that  the  former  are  confined  to  thickly  joopulated  areas,  either  within 
their  limits  or  connecting  two  or  more  such  areas.  Their  methods  of 
operation — small,  frequent  units — adapted  itself  to  such  distribution 
of  inhabitants  and  not  to  the  longer  hauls  at  infrequent  intervals 
shown  by  the  mileage  of  steam  railroads. 

The  growth  of  poj^ulation  and  industries  of  all  kinds  (including 
transportation)  react  on  each  other,  favorably  or  otherwise,  depend- 
ing upon  conditions  of  prosperity.  A  system  like  the  Pennsylvania 
Railroad  could  not  have  existed  in  1830,  even  though  it  could  have 
been  operated  at  as  low  a  cost  as  to-day.  It  had  no  suburban  short- 
haul  business  in  its  early  days. 
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Tlie  coacentration  of  population  into  "  urban  "  districts  has  come  Mr 
through  the  increased  transit  facilities  of  such  communities.  The 
horse-roads  first  enabled  a  growth  which  made  it  necessary  for  the 
steam  railroads  to  increase  their  local  facilities,  which  again  reacted 
on  the  population  to  increase  it,  and  then  came  the  cable  road  to 
reduce  the  time  sjaent  in  getting  in  and  oiit  from  the  residential 
sections  to  the  business  centers;  this,  in  turn,  increased  the  radius  of 
urban  population,  and  again  the  steam  railroads  reached  out  farther 
from  the  center  of  population;  all  of  which  encouraged  concentration 
of  inhabitants,  and  the  electric  railway  once  more  caused  a  similar 
cycle  of  events. 

There  is  no  reason  to  suppose  that  these  conditions  have  ceased, 
and  that  this  action  and  reaction  have  stopped.  It  is  this  enormous 
development  of  the  country  which  has  allowed  the  constant  increase  of 
investment  on  transportation  systems,  and  this  in  turn  has  increased 
the  carriage  of  both  passengers  and  freight.  In  the  growth  of  transit 
facilities  and  methods  the  "  radius  of  action  "  of  the  roads  has  increased 
constantly,  and  as  it  increased  so  did  the  urban  population  and  vice 
versa;  but  when  our  cities  grow  beyond  the  present  "radius  of  action," 
our  transit  systems  must  take  another  step.  Some  communities  have 
already  arrived  there,  and  the  solution  will  undoubtedly  be  the  equip- 
ment of  our  steam  railroads,  running  out  of  and  between  those  near 
together,  with  electric  traction.  This  will  enable  them  to  change 
operative  methods  to  approach  present  street  railway  practice,  thus 
increasing  gross  receipts  enough  to  offset  interest  on  increased  first 
cost,  and  reduce  operating  expenses  per  car-mile;  for  the  increase  in 
present  investments  and  trafQc  have  also  tended  to  reduce  the  cost  of 
transiJortation  per  head. 

Effed  of  Increased  CapitaUzation. — Fig.  2  also  shows  the  enormous 
increase  in  mileage  and  investment  of  street  railways  in  Massachusetts, 
where  the  density  of  population  is  high  and  has  increased  more  rapidly 
than  in  any  other  j^art  of  the  United  States,  as  shown  by  Curves  Nos. 
5  and  6,  Fig.  1.  It  is  because  of  this  increase,  which  is  still  going  on, 
that  constant  increased  investments  are  warranted  on  established  transit 
systems.  This  will  induce  our  steam  railroads  to  handle  increased 
traffic  in  urban,  suburban  and  interurban  areas  by  small,  frequent  units, 
operated  by  electric  motors,  and  thus  also  stimulate  and  again  increase 
a  traffic  which  will  only  grow  so  much  and  then  wait  to  be  encouraged. 

Curve  6,  Fig.  2,  shows  the  tendency  toward  increased  investment 
per  mile;  the  drop  from  1894  to  1896  indicates  a  greater  increase  in 
suburban  than  urban  mileage,  costing  less  per  mile  and  thiis  reducing 
the  average.  Fig.  3  shows  how  comparatively  small  was  the  percentage 
of  increase  of  steam  railroad  mileage,  but  a  very  distinct  increase  is 
shown  in  investment  per  mile  (Fig.  3  gives  totals  of  roads  in  Massachu- 
setts, but  includes  mileage,  etc.,  outside  the  State). 
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Effect  of  Increased  Earnings. — Figs.  4  and  5  show  the  earnings  of 
street  and  steam  roads  in  Massachusetts.  Attention  is  also  called  to 
Table  No.  16,  giving  comijarative  statistics  of  steam  and  electric  roads, 
and  also  to  Table  No.  10,  giving  the  percentage  of  increase  or  decrease 
in  all  items  (curves)  discussed  and  found  in  the  various  figures, 
between  the  years  1870  and  1890.  We  again  see  the  constant  increase 
in  gross  receipts,  especially  of  the  street  railways  (400"o  as  against 
150^0^'  for  freight  and  passengers  of  steam  railroads,  being  120%  for 
passengers  only.  Fig.  7,  Curve  4) ;  and  also  the  increase  in  interest  and 
dividends  on  increased  capitalization,  some  of  which  is  not  chargeable 
to  increased  mileage  (also  much  larger  for  the  electrics  than  for  the 
steam). 

The  gross  traffic  earnings  jjer  mile  increased  2b%  on  the  steam  and 
decreased  4*V  on  the  street  roads;  the  latter  is  undoubtedly  due  to  the 
relatively  large  increase  in  mileage;  this  curve,  however,  has  a 
"  characteristic  +  sign  "  which  will  be  shown  in  future  growth  in  the 
years  to  come.  Curves  8  and  9  in  both  figures  show  the  characteristic 
constant  reduction  in  receipts  ijer  car-mile  or  train-mile,  due  to  in- 
creased mileage  giving  better  facilities  and  thereby  increasing  the 
traffic  at  a  slightly  lower  rate,  both  as  to  numbers  and  fares;  also  reduc- 
tion in  operating  expenses  per  car-mile  as  the  same  increases. 

Effect  of  Increased  Traffic— Figs.  6  and  7  (see  Table  No.  10  also) 
again  bring  out  the  same  characteristic  comparisons  as  the  jarevious 
figures,  and,  in  addition,  the  following:  Curve  10,  Fig.  7,  indicates  that 
passengers  are  hauled  a  shorter  distance,  on  the  average,  every  year. 
Fig.  13  brings  this  out  somewhat  more  clearly.  In  the  Eastern  States, 
which  are  more  densely  populated,  the  average  distance  is  approxi- 
mately constant,  but  with  a  tendency  to  fall.  In  other  words,  the 
proportion  of  short-haul  passengers  to  total  passengers  is  rising  as  the 
population  increases  and  the  rides  per  inhabitant  per  annum  increases. 

As  the  long-distance  telej^hone  system  develops,  its  use  will  grow  to 
such  a  point  that  it  will  no  doubt  have  a  decided  eft'ect  on  long-distance 
passenger  traffic,  if  it  has  not  already.  This  will  increase  the  propor- 
tion of  short  hauls  as  compared  with  long  hauls,  and  the  passenger 
business  of  our  steam  railroads  (or  their  partial  development  into 
electric  railways)  in  the  future,  will  be  more  and  more  largely  that  of 
suburban  and  interurban  localities.  The  increase  in  total  jiassengers 
carried  was  308'V  on  the  steam  railroads  and  5073'o'  on  the  street  rail- 
ways (see  Table  No.  16  for  totals),  while  passenger-train-miles  increased 
204%  and  364)'^  (car-miles)  respectively. 

The  receipts  per  passenger  are  constantly  decreasing  as  the  number 
of  passengers  increases,  as  shown  by  Curve  6  on  each  figure.  The 
larger  proportional  increase  in  mileage  of  street  railways  has  reversed 
the  characteristic  sign  of  Curve  4,  Fig.  4  (receijjts  per  mile  of  track), 
and  Curve  9,  Fig.  6  (number  of  passengers  carried  per  mile  of  track). 
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Mr.  Davis,  when  compared  with  Curves  8  and  9,  Fig.  7,  showing  the  same  items 
on  the  steam  raih-oads  of  Massachusetts.  Records  do  not  give  the 
average  miles  traveled  per  passenger  on  street  railways.  Whether  or 
not  there  is  a  temporary  increase  cannot  be  determined;  but,  that  ia 
the  long  run  it  tends  to  decrease,  there  is  little  room  to  doubt,  although 
subject  to  some  variation. 

Table  No.  25  shows  the  increase  in  passengers  carried  per  car-mile 
on  street  railways  and  the  decrease  per  train-mile  on  steam  railroads. 

TABLE  No.  25.  —  Stkeet  and  Steam  Roads  in  Massachusetts. 

1870.  1890. 

Number    of    passengers   carried    per    car-mile 

ojDerated  (Street  Railways) 4.91         5.51 

Number   of   passengers   cai-ried   jser  train-mile 

operated  (Steam  Railroads) 4.71         4 .  30 

This  shows  the  increase  in  train-mileage  of  steam  roads  as  com- 
pared with  passengers  carried,  while  the  reverse  is  true  of  street  rail- 
ways. 

Passenger  rides  i)er  capita  per  annum  and  corresponding  receipts  per 
capita  per  annum  have  increased  enormously  on  street  railways  when 
compared  with  steam  railroads.  The  number  of  rides  increases  more 
rapidly  than  the  receipts  jjer  capita;  about  twice  as  fast  on  steam  rail- 
roads and  oS^*  more  on  street  railways,  while  the  actual  increase  of 
the  latter  has  been  204%*  and  the  former  100  per  cent.  In  other  words, 
the  steam  roads  have  been  reducing  fares  to  more  nearly  approach  the 
low  charges  of  street  railways. 

These  results  show  most  clearly  how  the  low  fares  (total  cost  per 
trip,  not  per  mile)  and  "leave-at-your-door  "  service  of  electric  street 
railways  have  increased  the  passenger  rides  per  annum  and  the 
number  per  car-mile  so  that  low  fares  are  profitable.  In  1896,  the  rides, 
l^er  capita  per  annum  were  116  for  street  railways  and  44.5  for  steam, 
while  the  receipts  per  caj^ita  per  annum  were  .$5.95  and  $12.80, 
respectively,  for  Massachusetts. 

Effect  of  Fut are  Growth. — Figs.  8  and  9  are  only  indications  of  what 
the  future  has  in  store  for  railroads  and  railway  systems  in  Massachu- 
setts. The  predictions  have  been  plotted  by  taking  two  points  on  the 
street-railway  curves  corresponding  to  1885  and  1895  and  extending 
the  straight  line  to  1910,  while  the  points  on  steam-railroad  curves 
were  1880  and  1890. 

Those  curves  which  when  extended  give  a  result  contrary  to  the 
"characteristic  sign"  have  been  thus  marked.  The  number  of  these 
shows  the  indicative  nature  of  the  information  and  its  lack  of  exact- 
ness, together  with  the  importance  of  cross-references  to  "  character- 
istic signs"  and  other  curves  before  arriving  at  a  conclusion  based  on 
averages  in  any  particular  case.     These  curves  might  be  called  "pro- 
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0.25 

0.72 
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0.32 

9. 

Passengers  carried 

3.96 

12 

earnings 

0.21 

0.26 

0.47 

1.26 

0.63 

^ 

Car-miles 

0.26 

0.33 

0.60 

1.23 

0.53(a) 
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mile 

Passengers  carried  per  car- 
mile 
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Passenger     earnings     per 
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Operating     expenses     per 
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1 
1 

Ud) 
1 

1 
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0.80        iO.55 

0.88        jO.86 

0.85  (d)|o.47  (d) 

0.78        lo.56 

0.84        [0.88 

0.97        il.02 
I 
1  (d)  0.84  (d)  0.47  (d) 

1         1.03        |0.97 

I         0.85         0.79 


iO.99 

0.90 


0.76 
0.70 


64 

87 

80(d) 

64 
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0.68 

0.97 

0..55  (c) 

0.72 

1.02 

1.05 

0.57  ((•) 

0.94 

J 

0.93 

0.78 

0.76 

12.73 
6.77 
3.96(6) 
2.03 
1.08(0) 
0.16 
0.63(6) 
0.89 
0.87(a) 


(a)  Estimated  5  cars  per  train  on  steam  railroads. 

(b )  Population  served  estimated  to  be  the  total  in  New  England. 

(c)  Population  served  estimated  to  be  that  given  in  Tables  Nos.  28  and  29. 

(d)  Population  served  estimated  to  be  the  total  in  New  England  for  Column  1,  and 
that  given  in  Table  No.  29  for  Column  2;  Table  No.  28  for  Column  3;  and  Tables  Nos.  28 
and  29  for  Column  4. 

jection "  rather  than  "  predictiou "  curves;  but,  nevertheless,  they 
indicate  strongly  the  future,  with  its  lower  percentage  of  earnings  on 
capital  invested,  lower  cost  of  oi>eration,  greater  percentage  of  ojjei'at- 
ing  expenses  and  larger  gross  revenue  coming  from  that  enormous 
future  growth  in  passenger  traffic  at  low  fares  with  electric  jsropulsion. 

When  the  jjopulation  and  real  wealth  become  fixed,  then  such 
growth  will  cease,  but  only  then,  and  will  fluctuate  with  prosperity, 
but  this  condition  is  far  distant  for  the  United  States. 

Comparison  of  City  and  Suburban  Railwai/s. — Tables  Nos.  3  and  4 
have  been  prepared  in  an  attempt  to  make  the  discrimination  between 
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Mr.  Davis,  roads  "in  towns"  (urban)  and  "between  towns"  (interurban).  Some 
of  those  in  either  table  may  more  properly  belong  in  the  other,  but  it 
is  believed  that  the  comparative  resiilts  shown  will  be  borne  out  in 
practice. 

Suburban  roads  have  been  placed  in  Table  No.  3,  where  their 
characteristics  conformed  to  the  requirements  of  the  table.  Tables 
Nos.  6  and  7  give  summaries  of  Tables  Nos.  3  and  4. 

From  these  tables  and  from  Table  No.  16  has  been  calculated  Table 
No.  26,  giving  ratios  of  statistics  of  steam  and  electric  roads.  The 
first  five  items  (1,  3,  2,  12  and  6)  show  the  relative  number,  length  and 
capacity  of  roads,  for  these  may  afifect  the  other  items  in  the  lower 
part  of  the  table  (5,  13,  26,  8,  9,  11,  32,  4,  19,  17  and  18).  From  this 
table  we  have  Table  No.  27,  showing  characteristic  signs,  when  com- 
parison is  made  according  to  the  notation  at  the  top  of  each  column. 

TABLE  No.  27. 
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The  characteristics  brought  out  by  these  figures  are  the  enormous 
number  of  passenger  trips  per  capita  per  annum,  per  mile  of  track  and 
per  car-mile,  and  the  greater  total  number  carried  by  the  electric 
roads  when  compared  with  the  steam  railroads;  also  the  larger 
earnings  per  mile  of  track  and  per  car-mile  on  the  electrics.  The 
receipts  per  passenger  per  trip  are  only  16%,  while  the  receipts  per 
capita  per  annum  are  only  63%  of  the  steam  railroads.  The  steam 
road  gets  greater  receipts  per  trip,  but  carries  each  passenger  a  longer 
distance,  and  has  to  run  a  disheartening  number  of  cars  or  train-miles 
for  the  passengers  carried.  The  difference  is  due  to  the  short  trips, 
high  fare  per  passenger  and  car-mile,  and  the  "  leave-at-your-door  " 
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service  of  electric  roads,  while  each  trip  is  delivered  at  an  extremely  Mr.  Davis 
low  "  total  cost  "  to  the  passenger. 

Suburban  and  interurban  railways  carry  fewer  passengers  per 
mile,  per  car-mile,  and  per  capita  per  annum  than  city  railways.  They 
earn  less  per  mile  of  track,  more  per  car-mile  and  per  passenger  carried, 
and  less  per  capita  per  annum.  They  operate  at  a  lower  percentage 
of  gross  receipts  and  about  7%  less  per  car-mile  (Table  No.  7),  while 
they  cost  25%"  less.  A  comparison  of  such  roads  with  steam  railroads 
is  a  more  accurate  one  than  with  city  railways,  but  for  obvious  reasons 
it  could  not  be  made  here. 

Effect  of  Population  Served.— Tables  Nos.  23,  28  and  2\),  show  the  ap- 
proximate population  served  by  each  road  in  Tables  Nos.  3  and  4.  In 
locating  any  new  line,  it  is  essential  to  know,  as  nearly  as  may  be,  the 
probable  business  which  it  will  secure.  Upon  its  amount,  the  cost  of 
the  line  completed,  and  the  probable  operating  exjienses,  will  de^jend 
the  profit  of  the  iindertaking.  What  other  similar  roads  have  done, 
is  the  criterion  upon  which  we  base  all  estimates,  and  the  three  prin- 
cipal units  used  are  (1)  revenue  per  head  of  population  (number  of 
trips  per  inhabitant  per  annum),  (2)  cost  per  mile,  and  (3)  operating 
expenses  per  car-mile  or  train-mile.  The  first  is  that  in  which  we  are 
now  interested. 

In  determining  the  gross  revenue  per  head  of  population,  the  usual 
method  has  been  to  divide  the  United  States  into  arbitrary  sections, 
such  as  the  groups  of  States  in  Poor's  Manual  (see  Fig.  13),  and  by 
dividing  the  gross  receipts  by  the  inhabitants  of  each  division  deter- 
mine the  average  amount  contributed  by  each  individual.  Of  course, 
each  person  does  not  spend  this  amount,  in  fact,  some  do  not  contri- 
bute anything,  while  others  expend  many  times  the  average  amount 
each  year.  The  passenger  traffic  on  any  road  can  be  divided  into  the 
following  general  classes: 

1.  Those  who  live  adjacent  to  the  line  and  are  comi^elled  to 

ride  upon  it. 

2.  Those  who  are  compelled  to  ride  but  who   can  take  another 

line  just  as  conveniently. 

3.  Those  who  ride  for  pleasure. 

4.  Those  who  come  from  a  distant  place  by  some  other  means 

of  conveyance  and  then  ride  upon  the  line  for  any  of  the 
other  three  reasons. 

Those  of-  the  first  class  are  by  all  odds  the  largest  in  volume,  and 
as  they  are  the  most  permanent,  increasing  or  decreasing  by  known 
amounts  in  stated  census  periods,  it  would  be  the  best  possible  basis  for 
our  figures  of  receipts  per  head  of  "population  served. "  The  difficulty 
is  to  get  at  this  "population  served."  An  attempt  has  been  made  in 
these  tables,  in  order  to  show  how  receipts  would  vary  according  to 
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TABLE  No.  28. — Population  Sekved  by  Koads  in  Table 


Name  of  Railway. 


(1) 

Maine. 

Augusta.  Hallowell  &  Gardiner. . . 

Bangor,  Orono  &  Old  Town 

Biddeford  &  Saco 

Lewiston  &  Auburn 

Portland  &  Cape  Elizabeth 

Portsmouth,  Kittery  &  York 

Rockland,  Thomastown  &  Cam 
den 


Total  and  average. 


Connecticut. 

Danbury  &  Bethel 

Derby 

Fair  Haven  &  Westville 

Hartford,    Manchester   &    Rock- 

ville 

Hartford  &  West  Hartford 

Meriden  Electric 

Norwalk  St.  Ry 

Norwalk  Tramway 

Norwich 


(3) 


11 
12 
13 
14 
SIS 


Torrington  &  Winchester s  17 

Bristol  &  Plainville s  18 


■Central  Railway  &  Electric  (  New, 
Britain ) ' !s 


tS  fl  ill) 

t-.o  a 


(3) 


(•») 


Augusta. . 
Bangor... 

Saco 

Lewiston. 
Portland  . 
Kittery... 


Danbui-y  . . . 

Derby  .'. 

New  Haven. 


Manchester  . 
Hartford  . . . 

Meriden 

Norwalk 

Norwalk 

Norwich  . . . 


Torrington . 
Bristol 


New  Britain . 


(5) 

10  537 
19  103 

6  075 
21  701 
36  425 

2  864 


16  552 
5  969 

81  298 


53  230 

21  652 
17  747 
17  747 
16  156 

6  048 


(6) 


Hallowell 

Veazie 

Biddeford 

Auburn 

South  Portland. 
Y'ork 


Rockland. 


(T) 

3  181 
(a) 
14  443 
11  250 
(a) 
2  444 

8  174 


Bethel 

Birmingham 
Westville.... 


S.  Manchester.. 
W.  Hartford. . . . 

Yalesville 

South  Norwalk. 
East  Noi-walk.. 
Taftville 


Winsted 


.  I  3  401 
.  I  2  000* 
(a) 

1  500* 
1  930 
(o) 
4  875 
(a) 
(a) 

(a) 


Total  and  average. 


Massachusetts. 

Arlington  &  Winchester \s 

Athol  &  Orange \s 

Braintree  &  Weymouth s 

Bridgewater,  Whitm.an   &    Rock-] 

land s 

Brockton,  Bridgewater  &  Taun- 
ton  iS 

Brockton  &  East  Bridgewater \s 

Dartmouth  &  Westport s 

Dighton,  Somerset  &  Swansea ]s 

Fitchburg  &  Leominster \s 

Gloucester,  Essex  &  Beverly s 

Greenfield  &  Turners  Falls Is 

Haverhill  &  Amesbury \s 

Haverhill,  Georgetown  &  Danvers.s 


Winchester. 

Athol 

Weymouth. 


Bridgewater. 


Brockton . . 
Brockton . . 
Fall  River. 

Dighton 

Fitchburg. 

Beverly 

Greenfield. 
Haverhill.. 
Haverhill. . 


4  861 
6  319 
10  866 


27  294 
27  294 
74  398 

1  889 
22  037 
10  821 

5  252 
27  412 
27  412 


Arlington. 
Orange . . . 
Braintree. 


E.  Bridgewater. . 


Bridgewater 

E.  Bridgewater. . 

New  Bedford 

Somerset 

Leominster 

Wenham 

Montague 

Merrimack 

Bradford  


4  568 
4  848 

2  911 

4  249 
2  911 
40  733 
2  106 
7  269 

6  296 

2  633 

3  720 
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No.  3.     Electric  Suburban  and  Interurban  Bail  ways. 


i  - 

1 

i 

i 

1 
1 

t 

s 

t 

Is 
1 

t 
o 

"3 
a 

It 

til 

P-l 

(8) 
Farmingdale 

(9) 

(a) 
3  790 
(«) 

(10) 

Gardiner  . . 
Old  Town.. 

(H) 

5  491 
5  312 

(13) 

(13) 

(14) 

19  699 
28  705 

20  518 
.33  951 
42  384 

15  135 

16  304 

(15) 
41 

Great  Works.... 

(a) 

42 

Old  Orchard. 

11 

35 

Cape  Elizabeth 

Portsmouth  (N.  H.) 

5  459 

9  827 

(a) 

35 

53 

Camden  . . . 

4  621 

59 

175  676 

19  953 
18  311 
86  680 

11  332 
60  833 
38  736 
23  132 
46  813 

18  156 
7  548 

10  375 

19  119 

36 

10  342 

(a) 

(a) 

3  179 
6  584 

(a) 

4  875 
(a) 

(a) 
(a) 

(a) 

38 

Montowese 

Hamden . . . 

RockviUe.. 
Unionville. 

3  883 

1  000* 
(a) 

Fair  Haven 

(a) 

56 

53 

Plainville 

1  993 

Wallingford 

50 

33 

South  Norwalk 

Yantic 

Westport. . 
Thames- 

ville 
Highland 

Lake 

Lake  Com- 

pounce 

Newington 
Center 

■■3'7i5' 

(a) 

(a) 
(a) 

(a) 

Stamford 

Sunnyside 

15  700 
(a) 

16 

Burr\ille 

69 

65 

53 

Plainville  Center.... 

" 

336  352  (b) 

10  490 

10  887 
15  714 

21  074 

60  248 
32  133 
130  853 
5  451 
30  453 

11  548 
55  106 

35  440 

55 

63 

4  441 

1  917 
1  917 
3  122 
1  456 
1  146 
(a) 

Rockland. . 
Raynham. . 

5  213 
1  340 

Abington 

4  260 
25  448 

W.  Brldgewater 

W.  Brldgewater 

11 

Dartmouth     . 

Westport.. 

2  .599 

4 

142 

Lunenburg 

71 

Hamilton 

Essex 

1  713 

Ipswich 

4  439 

27 

Aniesbury 

9  798 
3  191 

Salisbury. . 
George- 
town 

1  316 

2  117 

Newburyport  . . . 

13  947 

25 

Oroveland 

13 
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TABLE  No.  28  {Concluded). — Population  Served  by  Roads  in 


Name  of  Railway. 

d 

11^ 

m 

.sf5  i 

1 

s 

> 

1 
a 

1 

1 

Place. 

1 

a 
.2 

p. 

(1) 
Massachusetts  {Confhiued). 

Hiugham 

Hoosac  Valley  (North  Adams).. 

I  34 
s  35 

s  36 

;ii 

S41 

s  42 

s  43 
s  44 
s  45 
s  46 
s  47 
s  48 
s  49 
s  50 
s  51 
s  52 
s  53 
s  54 
s  55 
s  56 
s  57 
s  58 
S59 

s  60 

s  61 

(3) 

3 
37 
46 

20 
61 
56 
62 

38 

21 
28 

31 
48 
51 
11 
43 
25 
36 
60 
49 

4 
29 
34 

5 
30 
52 
35 
26 

15 

58 

57 

(*) 

(5) 

4  564 
16  or4 
27  633 

77  696 
77  696 
448  477 
13  805 

8  780 

9  118 

13  947 
24  379 
24  379 

7  123 
7  123 

14  990 
13  499 

132  146 
16  723 
4  088 
4  260 
24  651 
7  655 
9  118 
27  294 
6  982 
4  681 

4  428 

84  655 

84  655 

(6) 

E.  Weymouth... 
Adams. . 

(7) 
(a) 

North  Adams 

Pawtucket  ( R.  I. ) . 

Leominster 

Lowell 

9  213 

1  317 

Leominster  &  Clinton 

Lancaster 

Dracut 

Billerica 

Beverly 

Hudson 

Hopedale 

Wayland 

Amesbury 

Waltham 

Watertown 

Norwood 

Hyde  Park 

Easthampton  . . . 

Winchester 

Taunton 

Weymouth 

Wilmington 

Rockland 

Rockport 

Sturbridge 

Sherborn 

Taunton 

Stoneham 

W.  Warren 

Sutton 

Shrewsbury 

Millbury 

2  201 

Lowell,  Lawrence  &  Haverhill 

1  996 

Tiowell 

2  380 

Lynn  &  Boston, 

Boston 

10  821 

Marlborough 

Millford,    Hollister    &    Framing- 
ham 

Marlborough 

Milford 

4  670 
1  176 

Natick 

2  060 

Newburyport  &  Amesbury 

Newburyport 

Newton 

9  798 
18  707 

7  073 

Norfolk  Central  (Dedham)  ..     . 

Dedham 

3  733 

10  193 

Northampton 

Woburn .... 

4  395 

North  Woburn 

4  861 

Providence  (R.  I.). 
Quincy    

25  448 

Quincy  &  Boston 

10  860 

Reading  &  Lowell.            

Reading 

1  213 

5  213 

Rockport 

Gloucester 

Southbridge 

4  087 

Southbridge  &  Sturbridge 

South  Middlesex  (Natick) 

2  074 
1  381 

25  448 

Wakefield  &  Stoneham.  .            .   . 

Wakefield. 

6  155 

Warren,  Brookfield  &  Spencer. . . . 

(o) 

Worcester  &  Blackstone  Valley 

Millbury        

3  180 

Worcester  &  Marlborough 

Worcester  &  Suburban 

Worcester 

Worcester 

1  449 
4  428 

Grand  total  and  average 

S    2.  Also— 

S37.  Also— 

s 

39.  Also— 

Stillwater 

(a) 

Haverhill 

27  412 

Lynn 

.     55  727 

Groveland 

2  191 

Maiden 

23  031 

s  IS.  Also— 

W.  Newbury.. 

1  769 

iMarblehead... 

8  202 

Roton  Point . . . 

(a) 

Newburyport  . 

13  947 

Melrose 

8  519 

Rowayton 

(a) 

N.  Andover.... 

3  742 

Peabody 

10  158 

Darien 

2  276 

Revere 

5  668 

Noroton 

(a) 

49  061 

Salem 

.     30  801 

Dorlon's  Point. 

(a) 

S38.  Also- 

Saugus 

.       3  673 

lewksbury 

2  515 

Stoneham.... 

6  155 

4  276 

Swampscott.. 

3  198 

s  29.  Also— 

(a) 

Gloucester  .... 

24  651 

Woburn 

Hamilton 

.     13  499 

(a) 
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TABIiE   No.    3.       EliECTEIC   SUBURBAN   AND   InTEKUEBAN   RAILWAYS.  Mr.  Davis. 


, 

1 
§ 

1 

1 

1 

a 
o 

1 
"3 
ft 

Place. 

1 
§ 

1 

Population  served. 

11 

1 

m 

ill 

fin 

(8) 
N.  Weymouth 

(9) 

(a) 
4  321 
7  577 

10  424 
4  814 
2  695 

27  909 
2  114 

2  619 

3  600 

2  633 
7  073 

3  035 

2  604 
32  433 

3  057 

11  079 

(10) 
Hull 

(»i) 

2  000* 

(la) 

(13) 

(14) 

7  564 
29  508 

45  820 

19  894 
184  363 

87  782 
675  860 

39  838 

34  017 

27  805 
50  159 
56  910 
13  460 
39  739 
21  442 
29  439 

157  594     , 
54  290 
7  681 
24  780 

28  738 
9  739 

26  358 
58  575 

29  417 

21  651 

17  213 

107  056 
100  950 

(15) 
119 

Williamstown 

1 

53 

Attleborough 

N.  Attle- 
borough 

6  727 

Wrentham 

3  566 

56 
43 

Methuen. 

Lawrence  . 
Draeut .... 
Danvers . . . 
Framing- 
ham 

Ashland.... 
Framing- 
ham 
Newbury.. 

44  654 

1  996 
7  454 

2  533 

9  239 
1  427 

Andover 

Tyngsborough  . . 

6  143 

48 

87 

Chelsea 

43 

Southborough 

35 

Holliston 

S.  Framingham. 

«.) 

8S 

Wellesley 

45 

... 

40 



36 

Needham  . 

Boston  (^) 

22  423 

19 

Walpole 

52 

48 

84 

Medford 

27 

4 

Milton 

4  278 
2  380 
10  866 

Boston  (,^5) 

22  423 

49 

Billerica 

43 

Weymouth  ... 

Whitman . . 

4  441 



61 

1 

19 

56 

Framingham.  . 

9  239 
4  493 

4  088 

5  002 
1  952 
3  120 

Ashland.... 
Raynham  . 

Saugus 

W.  Brook- 
field 
North- 
bridge 
West- 
borough 
Spencer . . . 

2  532 
1  340 

3  673 

(a) 

4  603 

5  195 

8  747 

Hopkinton 

4  088 

43 

Easton 

16 

Melrose 

8  519 

3  871 

38 

Brookfield 

N.  Brookfield.... 

44 

16 

Northborough 

Leicester 

Marlborough 

13  805 

11 
32 

1 

1  827  517  (d) 

2  352  765 

49 

1 

43 

. 

s  41.  Also — 

Bellingham. 
Medway 


2  985 


*  Estimated. 

(a)  Where  populations  are  omitted,  the  census  made  no  return: 
for  approximation  500  inhabitants  are  assumed  in  each 


4  319        (6)  This  total  is  34  615  less  than  the  column  foots  up,  due  to 
repetition  of  several  cities  in  the  table. 

8  747        (c)  If  s  13  were  omitted,  this  average  would  be  51. 

(ch  This  total  is  631  546  less  than  the  column  foots  up,  due  to 
repetition  of  several  cities  in  the  table. 
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TABLE   No. 


-Population  Seeved  by  Eoads 


Na.me  of  Railway. 

6 
Iz; 

Order  accoi-dmg 
to      population 
served,  smallest 
being       No.     1 
(Fig.  17) 

J 

1 
|l 

1 

s 

Maine. 
Bangor  St  Ry. 

C  1 
C  2 
C  3 
C  4 

15 
3 
6 

25 

Bangor 

Bath 

Calais 

Portland 

19  103 
8  723 
7  290 

36  425 

Brewer 

Bath  St  Ry 

Calais  St.  Ry 

St.  Stephens  (N.B). 

Total  and  average 

C0N>'ECTICUT. 

%% 

C  7 
C  8 
C  9 
CIO 
Cii 
Ct2 

8 
31 

9 
10 
34 
22 

Bridgeport . . 
Hartford.  ... 
Middletown  . 
New  Haven. . 
New  London 

Stamford 

New  Haven  . 
Waterbury  .. 

48  866 
53  230 
9  013 

13  757 
15  700 
81  298 
28  648 

Southport 

Hartford  St.  Ry 

Withersfield 

Middletown  St.  Ry 

New  Haven  St.  Ry 

Winchester  Ave.  (N.  Haven). . . . 

Savin  Rock 

WaterviUe 

Massachusetts. 
Boston  Elevated 

%\\ 

C17 

C18 
C19 
C20 
C2I 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 

35 
20 
26 
17 
5 
2 
30 
18 
29 
13 
4 
28 
19 
24 
16 
21 

7 

Boston 

Braintree. . . . 
Brockton.... 

Newton 

Frammgham 

Gardner 

Fall  River... 
Gloucester  . . 

Holyoke 

Pittsfleld.... 
Plymouth  . . . 
Springfield  . . 

Taunton 

New  Bedford 

Newton 

Boston  (jig).. 
Worcester. . . 
Westfleld.... 

448  477 
4  848 
27  294 
24  379 
9  239 

8  424 
74  398 

24  651 
35  637 
17  281 

7  314 
44  179 

25  448 
40  733 
34  379 
22  423 
84  655 

9  805 

Cambridge 

Braintree 

Quincy 

Commonwealth  Ave.  (Newton). 

Globe  (Fall  River) 

Gloucester 

Holyoke 

Pittsfleld  Electric 

Plymouth  i  Kingston 

Springfield 

Chicopee 

Dalton 

Kingston 

W.  Springfield.... 

Wellesley  &  Boston 

West  Roxbury  &  Roslindale. . . . 

Dedham 

Woronoco 

12 
14 
11 

1 

"      "  (C    13  omitted^ 

C31 
C32 
C33 
CM 

cm 

New  Hampshire. 
Union  St.  Ry 

Dover  

Nashua 

Concord 

Manchester  . 
Laconia 

12  790 
19  311 
17  004 
44  126 
6  143 

Concord  St.  Ry. 

, 

Total  and  average 

Grand  total  and  average  (C  13  omitted) . 


C  5.  Also  East  Bridgeport 


C  6.  Also  East  Windsor  . 

Hockanum 

N.  Glastonbury 
S.  Glastonbury 

Burnside 

Newington 
New  Britain 
S.  Windsor 
E.  Hartford 


C  8.  Also  Centerville  , 


C  II.  AlsoMilford. 
Orange.. 


C  13.  Also  Newton 

Somerville. . 
Ai-lington. . . 
Brookline. . . 
Water  town. 

Medford 

Maiden 


3  811 

4  537 

8  348 

24  379 

40  15;i 

5  629 

12  103 

7  073 

11  079 

23  031 
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IN  Table  No.  4.     Electkic  City  Railways. 


1 

.9 
1 

i 

1 

1 

Ph 

i 

i 

.9* 

1 

IIS 

lis 

4  193 

23  296 

8  723 

9  790 
48  410 

65 

51 

2  000»  TTilltnwn  CK    R  1 

(a) 
6  632 

49 

5  353 

112 



90  219 

57  419 

90  942 

13  700 
83  298 

14  257 

15  700 

91  146 
35  366 

87 

(a) 

Westport 

3  715 
2  954 

Fairfield 

W.  Hartford. . . 

3  868 
1  930 

71 

2  271 

Windsor 

98 

4  687 

29 

(a) 
(a) 

Morris  Cove  

(a) 

Westvilie j     (o) 

37 

46 

39 

(a) 

City  Point 

(a) 
6  218 

W.  Haven 

(a) 

48 

(a) 

71 

401  858 

680  928 
27  991 
48  884 
24  379 

8  424 

24  651 
68  938 
20  166 

8  973 
65  489 

25  448 
46  774 
24  379 
29  546 
84  655 

9  805 

.      61 

70  028 

27  909 
3  946 

Everett 

Holbrook 

Holbrook...... 

11  068 
2  474 
2  474 

266 

16  723 

34 

4  441 

Stoughton 

139 

59 

68 

40 

89 

55 

14  050 
2  885 

Northampton 

14  990 

S.  Hadley 

4  261 

61 
65 

1  659 

77 

5  077 

14  050 

Longmeadovs'. . 

2  183 

177 

44 

2  919 

3  122 

80 

29 

7  123 

, 

49 

125 

48 

1 

1  215  794  (b) 
581  668  (c) 

193 



1 

93(d) 

6  207 

1 

18  997 
20  403 
17  004 
44  126 
j          6  143 

31 

1  092 

j 

46 

57 

:::::::::::;::;  1::::::: 

74 

1 

37 



1 

i       106  673 
j  1  180  418 

56 

78 

C 15.  Also  Easton 

4  493 

Randolph 

Avon 

3  946 
1  384 

(a)  Where  populations  are  omitted,  the  census  made  no  return;  for  approximation,  500 

inhabitants  are  assumed  in  each  case. 
(6)  This  total  is  67  272  less  than  the  column  foots  up,  due  to  repetition  of  several  cities  in 

the  table. 

(c)  Population  served,  omitting  C 13. 

(d)  Rides  per  capita  per  annum  of  population  served,  omitting  C 13. 


470     DISCUSSION  ON  ELECTRICITY  VS.  STEAM  FOR  RAILROADS. 

the  basis  of  estimates,  and  how  miich  care  must  be  taken  not  to  be  led 
astray  in  any  given  case.  If  we  assume  tliat  the  steam  roads  of  the  New 
England  States  serve  the  entire  population,  we  get  gross  receijjts  per 
head,  equal  to  S7.32,  and  they  undoubtedly  do  serve  this  population, 
but  if  we  were  about  to  build  the  Boston  and  Albany  Kailroad  (assuming- 
it  did  not  exist),  could  we  properly  use  this  figure,  multijjly  by  the 
total  i^opulation  and  say  that  would  be  the  probable  receipts;  or 
should  we  take  the  population  within  the  limits  of  division  (1) 
"those  who  live  adjacent  to  the  line  and  are  compelled  to  ride  upon 
it "  and  multiply  by  some  higher  figure,  determined  from  other  simi- 
lar cases?  The  latter  appeals  to  one  as  likely  to  produce  much  more 
accurate  results.  Table  No.  16  gives  the  various  amounts  per  head 
per  annum  for  various  assumed  "populations  served,"  from  urban 
communities  having,  according  to  the  United  States  census,  popula- 
tions of  8  000  and  upward,  to  and  including  towns  of  1  000  and 
uj^ward.  These  divisions  of  population  are  not  advanced  as  the 
proper  ones,  for  they  are  not,  but  to  bring  out  clearly  what  has  been 
said  before. 

Turning  to  Tables  Nos.  28  and  29,  we  see  great  fluctuations  in  the 
rides  per  capita  per  annum;  this  is  jsartly  due  to  many  causes,  such 
as  population,  density,  distribution,  etc.,  etc.,  but  also  due  to  inac- 
curacies in  determining  "population  served."  From  the  tables  it  is 
seen  that  the  entire  populations  of  towns  are  repeated  for  several  roads 
and  are  considered  as  being  served  by  and  serving  these  roads ;  this  is 
necessary  unless  we  can  divide  the  territory,  which  would  be  most 
difficult.  If,  however,  it  were  done,  and  it  can  be,  the  results  would 
be  most  interesting  and  instructive.  By  the  divisions  we  have  made, 
it  is  shown  clearly  that  suburban  and  interurban  roads  either  do  not 
serve  as  great  a  population  as  the  aggregate  of  those  forming  their 
terminals  and  through  which  they  pass,  or  else  the  receipts  per  capita 
per  annum  are  less  from  tliose  they  do  serve.  As  a  matter  of  fact  both 
propositions  are  probably  trixe.  Our  average  of  78  in  Table  No.  29 
would  have  been  increased  materially  had  road  C  13  (Boston  Elevated) 
been  included  with  its  266  rides  per  capita  j^er  annum,  but  the  result 
would  not  have  been  as  accui-ate  for  application  to  other  problems. 

Effect  of  Competitioa. — One  often  hears  of  the  competition  which  elec- 
tric parallels  have  brought  to  our  steam-railroad  systems.  This  has  been 
exaggerated  greatly,  for  most  of  the  traffic  of  electric  railways  did  not 
exist  until  created  by  low  "total  cost  "  and  frequent  and  quick  service, 
although,  in  certain  isolated  cases,  the  building  of  electric  parallels  has 
temporarily  drawn  away  traffic  from  steam  railroads,  only  to  be  re- 
covered as  the  total  volume  naturally  increased.  This  fluctuation  and 
recovery  in  traffic,  on  parallels  Avhich  changed  motive  powers,  has  been 
shown  clearly  in  the  building  of  elevated  and  street  railways  in  New 
York  Citv.     The  Third  Avenue  Elevated  so  decreased  the  traffic  on 
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the  liorse  surface  road  as  to  cause  alarm  to  the  stockholders;  the  con-  Mr.  Davis, 
version  of  the  horse  railway  to  a  cable  road  decreased  the  travel  on 
the  elevated,  which  was  subsequently  more  than  recovered. 

Fig.  14  gives  a  good  example  of  the  decrease  in  traffic  on  the  Man- 
hattan Elevated  Railway  in  New  York  City,  operated  by  steam  loco- 
motives, due  to  the  increase  in  sjjeed  and  frequency  of  service  on  the 
Metropolitan  Street  Railway  in  its  changes  from  horse  traction  to  cable 
and  electric.  The  loss  on  the  elevated  road  from  1893  to  1897  was 
approximately  40  000  000  passengers — jjart  of  which  was  due  to  the 
financial  depression  throughout  the  United  States,  as  indicated  by  the 
"  dip  "  in  all  curves  on  Fig.  15;  how  much  this  amounts  to  it  is  impos- 
sible to  determine  and  most  diflBcult  to  estimate,  but  an  approximation 
can  be  made  from  the  retardation  of  increase  shown  in  the  curve  on 
Fig.  15,  giving  passenger  trips  on  all  electric  roads  in  Massachu- 
setts. Projecting  the  curve  by  connecting  1893  with  1897  it  would 
indicate  a  natural  proportional  increase  in  1894  of  17  000  000  more 
passengers  than  actually  took  place,  which  rej^resents  approximately 


1893  1894 

Fig.  14. 

the  retardation  diie  to  the  financial  depression,  or  about  7. 1%  of  the 
total  traffic.  If  we  assume  the  same  loss,  from  the  same  cause,  on  the 
elevated  railways,  about  17  000  000  of  the  above  40  000  000  loss  is 
accounted  for  by  the  industrial  depression,  leaving  23  000  000  loss  due 
to  competition.  During  the  same  period  the  Metrojiolitan  Street  Rail- 
way gained  about  110  000  000  passengers,  or  nearly  five  times  as  many 
as  the  elevated  roads  lost.  The  mileage  of  both  roads  remained  con- 
stant, or  nearly  so,  as  in  the  Metropolitan  curve  are  included,  for  the 
years  taken,  all  roads  now  owned  or  operated  by  this  company.  These 
years  also  cover  the  change  in  motive  power  of  this  system.  This  in- 
crease in  traffic  on  the  street  railways  of  New  York  undoubtedly  comes 
largely  from  increase  in  speed,  better  physical  conditions,  such  as 
track,  cars,  lighting,  heating,  cleanliness,  open  cars,  etc.,  etc. 

The  elevated  railways  are  operated  under  the  same  general  condi- 
tions as  exist  on  street  railways,  although  the  units  are  heavier,  but 
they  are  very  frequent;  of  course,  they  have  the  disadvantage  of  being 
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TABLE  No.  30. — Effect  of   Competing  Electeic   iNTEKrKBAN 
PakaijLels  TO  Steam  Bailkoads. 


Localities  Connected. 

Loss    due    to    trolley 
parallels,  as  claimed 
by  V.   P.   Hall  of  N. 
Y.,  N.H.  &H.  R.  R., 
before          Railroad 
Committee,        State 
Legislature  of  Con- 
necticut (a). 

i!! 

III 
pi 

Trips  per  day  of  trol- 
ley roads. 

Number  of  passengers 
carried   by   Electric 
Railway   System   in 
and    between    these 
towns,  part  of  which 
traveled        between 
them  (1894). 

$35  per  day. 

30.V 

90%- 

(b)  50^ 

4.75 
3.00 
5.50 
6.00 
5.50 
3.00 
3.00 

27 
36 
23 
13 
17 
16 

84 
|t 

69 
30 
112 

956  241 

Bridgeport— South  port 

Waterbury— Naugatuck 

Wallingf  ord    Meriden 

2  624  421 
2  001  347 

1  033  977 

Winnepauk— S.  Norwalk 

1  090  263 

12  365  571 

(a)  Total  loss  to  N.  Y.,  N.  H.  &  H.  R.  R.  from  all  parallel  trolley  roads  in  the  ^tate 
of  Connecticut  =  $4  000  per  month  =  $48  000  per  annum,  or  J^  of  IX  loss  on  total  pas- 
senger income  of  $12  971  000  in  1894,  as  shown  by  Railroad  Commission  Reports. 

(b)  64  passengers  were  carried  on  N.  Y.,  N.  H.  &  H.  R.  R.  in  the  month  of  December, 
1893,  and  9  in  the  same  month  of  1894,  or  a  total  loss  of  780  passengers  per  annum,  at  a 
possible  maximum  of  15  cents  —  $117. 


confined  to  what  might  be  called  "trunk"  lines  without  feeders. 
These  frequent  units  are  now  operated  by  steam  locomotives,  but  a 
change  to  electric  motors  is  about  to  take  place.  This  change  is  not 
warranted  by  any  decrease  in  operating  expenses  which  will  take 
place,  either  actual  or  sufficient  to  offset  the  interest  on  the  additional 
investment,  although  in  the  first  years  of  electric  operation  figures 
will  no  doubt  be  produced  which  will  ajjpear  to  indicate  such  a  result, 
as  in  two  cases  already  cited.  Nevertheless,  the  change,  if  made,  will 
be  a  profitable  one  from  the  natural  and  induced  increase  in  the  traffic 
of  the  future,  just  as  the  large  investments  of  our  steam  railroads  in 
improved  terminals,  track,  rolling  stock  and  stations  have  been  justi- 
fied. Similar  results  will  be  the  inducements  for  a  change  of  operative 
methods  on  jsarts  of  our  steam  railroad  systems,  which  change  neces- 
sitates a  change  in  motive  power. 

Table  No.  30  has  been  prepared  from  a  speech  by  Mr.  Edwin  B. 
Gager  before  the  Railroad  Committee  of  the  State  Legislature  at 
Hartford,  Conn. ,  March  22d,  1895.  *  For  many  years  bitter  warfare  has 
been  waged  against  interurban  electric  railways  by  the  Consolidated 
System  (New  York,  New  Haven  and  Hartford  Railroad  Company) 
resulting  in  the  electric  parallel  law,  where  "  public  convenience  and 
necessity  "  must  be  demonstrated  to  the  satisfaction  of  the  Superior 

*  Those  who  are  interested  can  obtain  a  reprint  of  Mr.  Gager's  speech  by  addressing: 
him  at  Derby,  Conn. 
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Court,  before  an  electric  railway  can  be  built  between  two  points 
already  connected  by  a  steam  railroad.  More  unwise  legislation 
against  a  natural  progress,  which  would  also  benefit  those  whose  influ- 
ence created  it,  can  scarcely  be  imagined.  It  is  fair  to  assume  that  in 
this  controversy — for  the  street  railways  naturally  opposed  such  legis- 
lation— both  sides  produced  the  strongest  argiiments  in  support  of 
their  respective  contentions;  the  Consolidated  presenting  losses  of 
traffic,  while  the  street  railways  insisted  that  their  passenger  travel 
was  mostly  an  induced  one,  which  did  not  and  could  not  exist  under 
steam-railroad  conditions  and  operative  methods. 

An  examination  of  Table  No.  30  shows  conclusively  how  the  steam 
railroads  convicted  themselves.  The  Consolidated  System  only  claimed 
a  total  loss  of  .$4  000  jDer  month,  or  .^48  000  per  annum  on  the  entire 
system,  being  about  i  of  1%  of  their  gross  passenger  revenue.  If 
the  average  fare  were  10  cents,  this  would  mean  a  total  loss  of  480  000 
passengers  per  aunum  out  of  a  total  of  44  448  324,  or  1.1%;  but  1894 
was  the  year  of  financial  depression,  when  the  steam  railroads  of 
Massachusetts  lost  8.3%  of  their  former  passenger  traflBc,  so  that  only 
part  of  this  loss  on  the  Consolidated  was  due  to  trolley  i^arallels. 
While  the  total  loss  to  the  Consolidated  was  given  by  its  officers,  all 
the  towns  between  which  it  occurred  were  not  stated,  so  that  in  Table 
No.  30  the  12  365  571  passenger  trips,  between  and  in  a  few  of  these 
towns,  is  only  part  of  the  total  passenger  traffic  of  the  street  railways 
serving  all  localities  where  such  loss  took  j^lace.  Whether  this  figure 
should  be  increased  by  50  to  100%,  or  more,  we  cannot  say,  but,  in 
any  case,  the  data  are  sufficient  to  show  the  large  induced  traffic  of 
street  railways;  or,  in  other  words,  systems  which  give  low  fares, 
frequent  service,  short  total  time  consumed  in  round  ti'ipand  a  "leave- 
at-your-door  "  service. 

To  emi^hasize  the  fact  of  what  might  be  called  a  "  dormant  traffic," 
which  can  become  an  "induced  traffic  "  imder  proper  oi^erative  condi- 
tions, and  to  bring  out  this  fact  more  clearly,  Fig.  15  and  Table 
No.  31  have  been  jarepared,  and  these  again  show  what  a  small  part  of 
the  traffic  of  street  railways  has  come  from  the  losses  of  steam 
railroads,  and  also,  that  a  large  part  of  this  loss  has  been  wrongly 
attributed  to  electric  parallel  competition. 

The  passenger  traffic  on  steam  railroads  in  Massachusetts  has 
increased  constantly  from  year  to  year  since  1870,  except  during  two 
periods,  both  of  which  coincide  with  industrial  depressions;  this  is 
shown  by  Ciirve  2,  Fig.  7,  where  the  loss  began  in  1873  and  1893. 
Short-haul  passenger  traffic  is  but  little  affected  by  financial  condi- 
tions, when  compared  with  the  effect  on  long-haul  traffic;  this  is  due 
mainly  to  necessity  being  the  basis  of  short-haul  passenger  business, 
or,  in  other  words,  it  is  composed  mostly  of  commuters  or  suburban 
and  interurban  travel.     Curve  2,  Fig.    6,  corroborates  this  position. 
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for  we  see  that  the  passenger  trips  on  street  railways  (short  hauls,  Mr.  Davis. 
from  necessity,  as  the  controlling  factors  in  volume  of  traffic  on  these 
systems),  increased  after  1874  and  1893,  although  less  rapidly  than  in 
the  year  previous,  but  there  was  no  actual  decrease.  This  curve  brings 
out  another  interesting  fact,  namely,  the  quicker  recovery  of  electric 
roads  and  their  more  rapid  increase  in  passenger  traffic  than  when 
operated  by  horse-power,  again  supporting  our  position.  In  Massa- 
chusetts, electric  railway  mileage  has  increased  along  with  the  pass- 
enger traffic  (1889  to  1898)  163%''  in  the  former  to  123':^  in  the  latter, 
or,  approximately,  each  has  kept  pace  with  the  other.  In  other  words, 
these  railways  have  been  built  where  traffic  did  not  previously  exist, 
nor  could  it  be  jirodueed  by  the  steam  railroads  under  existing  con- 
ditions; it  has  been  'induced  ''  by  the  character  of  the  electric  roads 
and  their  operative  methods.  Steam  railroad  mileage  has  only  increased 
10!^i^  in  Massachusetts  during  the  same  period,  and  passenger  traffic 
9.6,V  (net). 

TABLE  No.  81. — Comparative  Loss  on  Steam  RAiiiROADs   and   Gain 
ON  Electric  Railways— Massachusetts. — (See  Fig.  15). 
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Turning  to  Table  No.  31  and  Fig.  15,  we  see  that  the  net  loss  of 
passenger  traffic  on  all  the  steam  railroads  of  Massachusetts,  from 
1893  to  1898,  was  17  839  225;  but  during  the  same  years  the  street 
railways  increased  117  327  620,  or  6.5  times  the  loss  of  the  steam 
railroads.  If  7.7  V  of  the  traffic  was  lost,  due  to  financial  conditions  (as 
estimated  heretofore),  then  only  8  600  000  passenger  trips  were  lost  to 
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Mr.  Davis,  tlie  steam  roads  of  the  State  from  trolley  competition.  If  the  average  fare 
lost  was  10  cents  (when  secured  by  the  street  railway  the  fare  would  be 
halved  or  even  less  for  them),  the  total  amounted  to  3860  000;or  2A%  on 
the  gross  passenger  earnings  and  1.  I^q  on  the  gross  earnings  of  the  steam 
railroads;  this  would  only  amount  to  about  1)V  of  the  total  net  earnings. 
Again,  the  net  loss  to  steam  railroads  in  and  out  of  Boston,  from  1893 
to  1898,  was  7  614  074,  while  the  West  End  Street  Railway  (controlling 
practically  all  street  railways  in  and  out  of  Boston),  increased  47  457  677 
or  6.2  times  the  loss  of  the  steam  roads.  Applying  the  same  argu- 
ment, only  3  225  000  passengers  were  lost  by  the  steam  roads  in  and 
out  of  Boston,  due  to  this  competition.  This  would  not  be  fair,  how- 
ever, for  this  traffic  is  made  up  more  largely  of  commuters  than  long- 
haul  passengers.  Assume  it  at  5  000  000,  which  is  undoubtedly  too 
high,  and  with  an  average  commutation  rate  of  7  cents,  the  loss  is  only 
$350  000  at  the  maximum.  Furthermore,  the  greatest  gains  of  the  street 
railways  throughout  the  State,  and  the  West  End  Street  Railway  alone, 
were  in  1895  and  1898,  when  the  steam  roads  lost  the  least.  All  these 
data  point  to  the  conclusion,  already  stated,  that  comi^etition  does  not 
take  place  to  the  extent  usually  believed;  while  an  "  induced  "  traffic 
is  created  by  the  low  fares,  frequent,  quick  and  "  leave-at-your-door  " 
service,  rendered  possible  by  the  j^hysical  characteristics  and  ojaerative 
methods  of  the  electric  roads. 

Fig.  16  is  from  Table  No.  28.  Populations  are  arranged  in  the 
order  of  magnitude  as  abscissas,  beginning  with  the  smallest  served, 
while  the  passengers  per  capita  j)er  annum  are  ordinates.  The  result- 
ing curve  shows  no  well-defined  law. 

Fig.  17  is  the  same  from  Table  No.  29,  and  indicates  plainly  that  as 
populations  increase,  the  rides  per  capita  per  annum  also  increase. 

Fig.  18  is  made  from  towns  arranged  in  the  order  of  their  density  of 
population.     The  curve  shows  no  well-defined  law. 

The  determination  of  the  desirability  or  imdesirability  of  substitu- 
ting electric  traction  for  steam  on  parts  of  some  American  railroad 
systems  is  a  matter  of  constantly  increasing  imjaortance;  on  many  pro- 
jected lines  the  question  whether  steam  or  electricity  shall  be  used  is 
a  problem  which  must  now  be  solved,  although  in  the  past  there  Avas 
no  question  as  to  which  should  be  adopted.  We  will  probably  see 
during  the  next  ten  years  a  large  increase  in  the  substittition  of  elec- 
tricity for  steam  on  railroads.  This  change  is  foreshadowed  by  the 
present  electrical  equipment  of  elevated  railways  in  Chicago;  by  the 
overhead-trolley  and  third-rail  experiments  of  the  New  York,  New 
Haven  &  Hartford  Railroad  Company;  by  the  operation  of  several 
branch  lines  of  the  Pennsylvania  Railroad  Company  with  electric 
motors;  and  by  the  present  active  discussions,  among  steam-railroad 
engineers  and  managers,  of  the  details  of  first  cost,  operating  expenses, 
and  methods  of  electric  traction. 
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4TS    DI5C^S5IO^'  ox  electricity  vs.  steam  for  railroads. 

If  a  change  is  contemplated,  steam-railroad  managers  must  avoid 
making  the  mistake  which  took  place  in  the  change  from  horse  trac- 
tion to  electric  traction — ^namely,  of  trying  to  rednce  the  first  cost  of 
changing  by  the  nse  of  old  methods,  material,  and  equipment,  which, 
although  entirely  suited  to  the  old  system,  proved  most  unsatisfactory 
under  the  new  conditions.  The  old  equipment  partly  made  over  will 
not  do.  There  must  be  new  trucks,  and  new  and  lighter  car  bodies, 
hung  lower  for  greater  ease  of  entrance  and  departure.  Old  methods  of 
operation  must  be  discarded  and  new  ones  substituted.  A  change  of 
system  may  necessitate  additional  tracks,  which  should  be  provided 
even  at  large  cost.  The  nearer  the  approach  to  the  '-leave-at-your- 
door  "  service,  the  greater  the  success. 

*  Let  us  consider  some  examples  where  it  is  probable  that  electricity 
could  be  substituted  with  profit,  remembering  that  more  thorough 
investigation  might  show,  in  this  or  that  case,  that  the  change  is 
undesirable. 

Suburban  service  of  the  Pennsylvania  Kailroad,  out  of  Philadel- 
phia, as  follows: 

P.,  W.  i:  B.  Division  to  Wilmington- 
Main  Line  "  ••  Paoli. 
GermantowQ  ^  Chestnut  Hili          "          ••  Chestnut  Hill. 
Beading                                                  "          "  Xorristown. 
U.  E.  Es.  of  X.  J.                                «...  Tacony. 
West  Chester                                        "  •  West  Chester. 

By  the  use  of  multiphase  currents  and  rotary-transformer  sub- 
stations, power  houses  could  be  located  along  the  Delaware  and 
Schuylkill  rivers ;  from  these  sub-stations  direct  current  at  500  volts 
could  be  fed  into  the  trolley  or  third-rail  line.  The  equipment 
should  be  entirely  new;  cars  of  the  same  seating  capacity,  but  lower 
and  of  lighter  construction,  should  be  used:  the  bridge  over  the 
Schuylkill  Pdver  into  Broad  Street  Station  should  be  widened  by  four 
additional  tracks;  main  line  and  IT.  E.  Es.  of  X.  J.,  by  two  tracks, 
each;  P.  W.  A:  B.  should  have  a  total  of  four  tracks;  Germantown  k 
Chestnut  Hill,  Beading,  and  West  Chester  should  each  have  a  total  of 
three  tracks;  all  tracks  should  be  equipped  electrically,  although 
some  of  them  would  be  used  by  steam  locomotives  hauling  freight 
and  through  passenger  trains,  and  some  or  all.  at  times,  by  both 
systems.  Two  tracks  should  be  laid  in  the  street  from  Broad  Street 
Station  to  the  Schuylkill  Bridge  coming  to  railroad  grade  at  that 
point;  the  cars  running  over  these  tracks  should  operate  from  the 
Delaware  Eiver  out  Market  Street,  by  trackage  arrangement  with  the 
street  railway  or  by  special  franchise,  the  street  being  wide  enough 
for  four  tracks;  they  should  be  run  as  any  street-railway  line  is  run 
to-day,  and  continue  out  on  the  extra  tracks,  provided  above,  as  far 
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Mr.  Davis,  as  circumstances  might  warrant,  and  should  be  extended  as  travel 
required;  right-of-way  should  be  prepared,  so  that  passengers  could 
leave  or  enter  these  ears  at  any  point  along  the  line.  Local  stations 
should  be  provided,  in  some  cases  much  closer  than  at  present,  at 
which  passengers,  on  the  cars  mentioned  above,  could  change  to  elec- 
tric cars  stopping  only  at  said  stations,  or  to  express  electric  trains 
stopping  at  fewer  points,  all  being  done  by  the  payment  of  a  single 
fare.  It  wiU  be  seen  that  this  is  a  combination  of  the  street  railway 
on  the  outside  tracks  with  the  local  and  express  service  of  a  steam 
road  on  the  inside  tracks,  while  the  through  locomotive  trains  operate 
on  the  middle  tracks.  The  proposition  is  a  radical  one,  is  advanced 
as  such,  and  will  bear  close  investigation  and  study;  the  expense 
would  be  enormous,  but  the  gross  receipts  from  such  a  system  of 
street  railways,  accumulating  passengers  for  the  rapid-transit  system 
connected  so  intimately  with  it,  would  also  be  enormous — in  fact,  the 
writer  believes,  far  in  excess  of  anything  yet  accomplished  in  the 
transi^ortation  of  passengers. 

The  same  treatment  of  the  following  terminals,  with  modifications 
to  suit  each  case,  would  be  worth  studying: 

New  York,  New  Haven  and  Hartford  Railroad,  out  of  Boston. 

Boston  and  Maine,  out  of  Boston. 

Philadelphia  and  Reading,  out  of  Philadelphia. 

Harlem,  New  York  Central  and  Hudson  River,  and  New  York, 

New  Haven  and  Hartford  Railroad  Companies,  out  of  New 

York  City. 
Central  Railroad  Company  of  New  Jersey,  out  of  Jersey  City. 
Illinois  Central  Railroad,  out  of  Chicago,  etc.,  etc. 

The  above  is,  of  course,  only  a  suggestion  of  details. 

As  an  example  of  interurban  traffic,  we  can  take  Ansonia  and  New 
Haven,  Conn.  When  the  steam  railroad  owns  the  systems  of  street 
railways  in  both  towns,  their  cars  will  pick  up  passengers  at  either 
center,  will  pass  onto  the  present  steam  tracks  on  the  right-of-way  of 
the  New  Haven  and  Derby  Railroad  (New  York,  New  Haven  and  Hart- 
ford Railroad  Company),  run  at  high  speed  without  stops  to  the  other 
center,  pass  onto  the  local  street  railway  tracks  there  and  distribute 
its  passengers  where  they  desire,  all  for  one  fare.  Such  a  system 
operated  by  electric  motors  would  be  a  financial  success,  where  a  line 
like  the  third-rail  between  Hartford  and  New  Britain  is  a  failure  in  the 
true  sense.  Many  other  similar  examples  might  be  given,  but  this 
indicates  the  future  of  our  steam  railroads. 

It  must  ijot  be  inferred  that  all  or  any  of  the  cases  suggested  above, 
if  thoroughly  investigated,  would  prove  the  expense  warranted, 
especially  that  of  laying  additional  tracks.  It  is,  however,  the  writer's 
judgment  that  in  most  cases  additional  tracks  would  be  necessary  to 
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make  the  system  profitable  and  able  to  handle  the  "induced"  traffic.  Mr.  Davis. 
Emphasis  must  be  placed  upon  the  importance  of  radical  changes  in 
present  steam-railroad  methods  to  make  the  change  to  electricity  pay. 
Electric  traction  in  connection  with  existing  tracks  and  equipment,  and 
under  existing  operative  methods,  will  result  in  heavy  loss  and  ultimate 
abandonment  of  the  chauge — possibly  even  in  disaster. 


35        30        35 
Order  of  Magnitude 
According  to  Densiti/  of  Population  t 
Fig.  18.* 


The  argiiment  has  thus  far  been  confined,  for  reasons  stated,  to 
suburban  and  interurban  short  hauls,  and  the  writer  feels  convinced 
from  his  investigation  of  the  subject  that  the  adoption  of  electricity 
as  a  mode  of  ojieration,  with  the  additional  change  to  the  lu-evailing 


*  The  data  for  the  diagram.  Fig.  IS,  are  taken  from  Table  No.  39  of   ••  F 
igures  Interesting  to  Electric  Railway  Men  "  (3d  edition),  published  by  the  w 
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methods  of  our  present  street  railways  giving  nearly  the  same  class  of 
service  (combined  or  not  with  steam  locomotives  as  the  case  may 
require),  will  result  to  the  steam  roads  in  an  enormous  increase  of 
the  total  passengers  carried,  passengers  per  car- mile  and  rate  received 
per  mile,  and  will  shorten  the  length  each  passenger  is  hauled;  and,  by 
thus  increasing  the  gross  receipts,  will  more  than  pay  for  the  additional 
investment.  If  this  cannot  be  done  in  any  given  case,  then  it  will  not 
pay  to  make  the  change. 

In  conclusion,  the  writer  wishes  to  quote  from  the  final  jjaragrai^hs 
of  a  paper  presented  by  him  to  the  American  Institute  of  Electrical 
Engineers,*  wherein  was  expressed  the  convictions  given  in  this  dis- 
cussion, and  which  he  sees  no  reason  to  change  at  this  writing.  This 
was  prior  to  the  third-rail  experiments  of  the  New  York,  New  Haven 
and  Hartford  Railroad. 

"  The  question  whether  the  gross  receipts  of  a  given  road  will  be 
affected  by  the  use  of  one  or  the  other  power  under  discussion  is  a 
most  iuteresting  one.  Experience  shows  that  where  an  electric  road 
has  loaralleled  a  steam  road  it  has  taken  most  of  the  latter's  business 
at  first,  but  less  as  time  went  on;  and  that  it  created  a  demand  for 
intercommunication  which  had  never  existed  before — the  bulk  of  the 
passenger  travel  coming  from  this  cause.  This  is  interestingly  shown 
in  the  arguments  of  Judge  Hall  (Vice-President  of  the  New  York,  New 
Haven  and  Hartford  Railroad)  and  Judge  Gager,  of  Connecticut, 
before  the  Legislature  of  the  State  at  its  last  session.  This,  of  course, 
refers  to  passenger  receipts  only.  Freight  receijits  would  not  be 
affected  by  the  use  of  one  power  or  the  other,  they  increasing  only  as 
the  country  grows  and  rates  fall,  together  with  better  facilities.  Re- 
ceipts from  express  and  mails  might  be  materially  increased  by  the 
use  of  electric  traction  when  giving  more  frequent  service.  It  appears 
that  the  close  headway  and  '  leave-at-your-door  '  service  of  electric 
roads  are  the  main  reasons  for  their  induced  travel.  The  question  of 
how  much  more  the  travel  would  be  increased  by  the  use  of  electric 
traction  and  frequent  service  is  problematical,  for  the  'leave-at-your- 
door  '  service  is  wanting  in  steam  railroads  as  they  are,  but  why  not 
change  them?  If  this  could  be  done,  past  exjjerience  and  data  would 
give  a  good  basis  from  which  to  estimate  future  results. 

"The  conclusion  one  arrives  at  is  that  for  long  lines,  infrequent 
service,  where  freight  is  a  large  proportion  of  the  business,  and  where 
centers  of  population  are  far  apart,  the  steam  locomotive  is  the  only 
paying  method  ot  to  day,  as  the  first  cost  will  be  less,  as  well  as  total 
expenses.  The  writer  has  had  several  opportunities  of  determining 
these  facts.  What  development  may  bring  to  electric  traction  in  the 
far  future  cannot  be  foretold. 

"The  writer  believes  that  electric  traction  will  be  lorofitable  to 
steam  railroad  systems  when  some  or  all  of  the  following  conditions 
are  fulfilled,  depending  upon  the  special  problem  to  be  solved: 

"1.  Steam  railroad  managers  must  avoid  making  the  mistake  which 
took  place  in  the  change  from  horse  traction  to  electric  traction, 
namely,  of  trying  to  reduce  the  first  cost  of  changing  by  use  of  old 
methods,  material  and  equipments,  which,  although  entirely  suited  to 

*  Meeting  of  October  21st,  1896. 
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the  old  system,  proved  most  unsuitable  under  the  new  conditions. 
The  tendency  is  to  repeat  this  mistake,  and  too  miich  stress  cannot  be 
laid  upon  avoiding  it.  The  old  equipment  partly  made  over,  the  old 
method  of  operating,  etc.,  will  not  bring  success  in  the  use  of  electric 
traction;  and  if  followed  from  necessity  would  indicate  the  strongest 
argument  against  the  change. 

"  2.  Long  distance,  heavy  trains  and  infrequent  service,  if  a  neces- 
sity, will  prevent  electric  traction  being  profitable.  Therefore,  where 
gross  receipts  can  be  increased  by  light  trains  and  frequent  service, 
and  thus  decrease  expenses,  as  compared  to  steam  locomotives,  electric 
traction  will  prove  profitable.  One  of  the  best  examples  of  how  this 
■  could  be  applied  is  found  in  the  suburban  service  of  the  Pennsylvania 
Eailroad  out  of  Philadelphia.  It  is,  of  course,  understood  that  electric 
cars  can  be  operated  over  the  same  tracks  as  trains  drawn  by  steam 
locomotives;  a  change  of  system  requiring  more  frequent  service  for 
success  might  necessitate  one  or  more  additional  tracks,  which  in  some 
cases  would  delay  the  time  when  a  change  would  be  advisable. 

"3.  Steam  railroads,  where  the  second  condition  is  fulfilled,  can 
better  the  results  where  they  operate  part  of  the  system  on  the  '  leave- 
at-your-door '  plan.  This  suggestion  may  seem  to  some  a  radical 
deiiarture,  but  I  commend  it  to  the  careful  thought  of  those  inter- 
ested." 

The  writer's  final  conclusion  is  that  electric  traction  can  be  profit- 
ably used: 

(1)  Where  units  are  so  light  and  so  frequent,  and  carried  such 
short  distances,  that  steam  locomotives  cannot  be  furnished  at  lower 
first  cost  or  operated  more  cheaisly,  as  in  the  plain  case  of  a  street 
railway. 

(2)  Where  the  gross  receipts  will  be  so  increased  by  the  change  of 
system  and  the  mode  of  operation  as  to  more  than  paj  for  the  increased 
first  cost  and  operating  expenses  per  car-mile,  as  in  the  case  of  subur- 
ban steam  systems  running  out  of  our  great  cities  and  interurban 
systems  between  large  towns  situated  a  few  miles  apart. 

(3)  When  competition  of  parallel  electric  roads  compels  the  change 
to  save  what  traffic  there  is,  irrespective  of  the  question  whether  it  will 
be  more  profitable. 

(4)  Where  higher  sjjeeds  are  required  than  can  be  attained  by  steam 
locomotives. 

High  Speed  Eailkoads. 

This  discussion  would  not  be  complete  without  reference  to  another 
field  where  electric  motors  will  prove  a  profitable  method  oi  ojaeration, 
namely,  (4)  where  higher  speeds  are  required  than  can  be  attained  by 
steam  locomotives.  This  discussion  is  already  long  enough,  so  that 
the  consideration  of  this  must  be  postponed,  but  the  reader  is  referred 
to  "Enormous  Possibilities  of  Rapid  Electric  Travel,"  by  the  writer.* 

*  Engineering  Magazine,  1897. 
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Mr.  Davis.  In  that  paper  is  expressed  the  belief  that  large  centers  of  population, 
reasonably  near  together,  will  eventually  be  connected  by  railways 
operating  at  150  miles  per  hour  or  over,  with  the  local  street  railways 
as  feeders  and  distributors. 

Many  more  interesting  facts  and  deductions  can  be  obtained  from 
a  careful  examination  and  analysis  of  the  curves  and  tables.  They  are 
left  to  the  intelligence  of  the  reader. 


Vol.  XLII.  DECEMBER,  1899. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED    1852. 


TRANSACTIONS. 


Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


No.    863. 


THE  REACTION  BREAKWATER  AS  APPLIED  TO 
THE  IMPROVEMENT  OF  OCEAN  BARS. 


By  Lewis  M.  Haitpt,  M.  Am.   Soc.  C.  E. 
Presented  October  18th,  1899. 


WITH     DISCUSSION. 


Results  to  Date. 


In  a  paper  published  by  the  Society  in  the  Transactions*  for  Decem- 
ber, 1898,  attention  is  called  to  the  single  curved  breakwater  at  Aransas 
Pass,  Texas,  designed  and  located  by  the  writer  for  the  purjaose  of 
creating  at  that  inlet  a  navigable  channel  at  least  20  ft.  in  depth. 

In  the  discussion  which  followed  that  paper,  it  appeared  that  the 
incompleted  breakwater  was  doing  effective  work;  but  as  no  survey 
had  been  made  for  some  time,  and  the  Harbor  Company  had  suspended 
all  work  since  May,  1897,  it  was  impossible  to  state  the  results  with  any 
degree  of  accuracy.  The  latest  examination  available  at  that  date  was 
that  made  under  the  direction  of  a  Board  of  Engineers  for  the  purpose 


Note.— Additional  discussions  on  this  paper,  received  since  it  was  prepared  for 
Transactions,  will  appear  in  the  Proceedings  for  January.  1900,  and,  together  with  any 
further  contributions  to  the  subject,  will  be  published  in  Vol.  XLIIl  of  Transactions. 


*  "Origin  of  the  Gulf  Stream  and  Circulation  of  the  Waters  in  the  Gulf  of  Mexico, 
with  Special  Reference  to  the  Effect  on  Jetty  Construction,"  by  N.  B.  Sweitzer,  Jr.,  Jun. 
Am.  Soc.  C.  E.,  Transactions,  Am.  Soc.  C.  E.,  Vol.  xl,  p.  86. 
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of  apjiraising  the  value  of  the  work  done,  with  a  view  of  turning  it  over 
to  the  Government  to  continue.  This  board  reported  on  November 
22d,  1897,  that: 

"The  depth  has  not  been  materially,  if  at  all,  increased."  *  *  * 
"At  the  time  of  examination  of  the  Board,  in  July,  1897,  it  was  8.8  ft., 
and  in  November,  1897,  8.5  ft.  The  depths  and  contour  lines  are 
shown  on  appended  charts." 

(These  charts,  however,  show  a  least  depth  at  one  crossing  on  the 
crest  of  the  bar  of  9^-  ft.,  November  2d  to  5th.)  The  Board  also 
expressed  the  opinion  that  "there  does  not  seem  any  probability  that 
the  jetty  as  now  constructed  will  of  itself  secure  and  maintain  any 
considerable  increase  of  dei^th  in  a  navigable  channel  of  jjroper 
width." 

In  view  of  this  expectation  and  the  fact  that  up  to  the  end  of  Feb- 
ruary, 1899,  a  period  of  15  months,  the  unaided  currents  have 
increased  the  depth  at  this  jjarticular  jjart  of  the  bar  from  "8i  ft.,"  as 
reported,  to  over  22  ft.,  and  that,  notwithstanding  the  existence  of  a 
large  part  of  the  old  Government  jetty  across  the  channel,  the  question 
may  pertinently  be  asked,  whence  these  phenomenal  results  in  so  short 
a  time? 

Keaction  vs.  Concentkation. 

The  answer  is  plain,  since  the  curved  form  of  the  breakwater  (not 
"jetty"),  is  such  as  to  develop  the  potential  energy  of  the  ebb  cur- 
rents, rendering  them  kinetic,  and  apjalying  them  locally  on  the  crest 
of  the  bar  where  they  are  needed  for  scour.  At  the  same  time,  the 
breakwater  serves  to  arrest  the  littoral  drift  and  defend  the  channel 
from  its  encroachments.  In  short,  it  aims  to  utilize  the  well-known 
centrifugal  force  by  the  reaction  developed  by  the  resistance  caused 
by  a  continuous  change  of  direction  so  often  manifested  in  the  concave 
bends  of  streams,  instead  of  the  principle  of  concenti'ation  which  has 
been  relied  upon  so  largely  in  the  system  of  twin  or  convergent  jetties, 
with  such  meager  results. 

This  may  be  well  illustrated,  perhaps,  by  the  case  of  a  projectile 
flying  through  the  air  with  a  large  amount  of  stored  energy,  which  is 
developed  suddenly  only  when  meeting  with  a  point  of  resistance.  It 
has  also  been  observed  that  currents  having  a  velocity  sufficient  to 
scour  the  material  over  which  they  are  flowing  do  not  disturb  it,  but 
if  a  resisting  log,  rock  or  other  obstruction  is  introduced,  the  obstruc- 
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tion  is  undermined  and  often  buried  and  covered  up  by  the  reaction 
which  it  develops  in  the  currents. 

In  Ex.  Doc.  78,  48th  Congress,  it  is  stated  that  "  The  mean  ordinary 
velocity  at  the  Narrows  (New  York  Bay),  is,  during  the  ebb  tide,  about 
2  ft.  per  second,  and  from  this  a  depth  of  100  ft.  results. "  This  does  not 
follow,  as  there  are  numerous  sandy  bars  having  a  much  greater  mean 
velocity  over  them  which  lie  at  depths  less  than  10  ft.  from  the  sur- 
face. Manifestly,  it  is  not  velocity,  therefore,  that  constitutes  the 
working  force  to  prodiice  scour,  but  reaction,  just  as  when  impounded 
waters  are  dammed  back  prior  to  escaping  through  a  breach,  when  the 
increased  head  and  contraction  react  upon  the  bottom,  affecting  the 
entire  volume  and  producing  deep  eddies.  In  the  case  of  a  single 
obstructing  pier  head,  the  effects  will  often  extend  to  depths  of  50  ft. 
or  more,  dejaending  on  the  intensity  and  direction  of  the  currents, 
scouring  out  the  material  and  depositing  it  in  the  lee  of  the  pier.  In 
the  case  of  the  Narrows,  above  cited,  it  is  not  the  ebb  which  scours, 
but  the  flood  current,  the  resultant  of  which  is  near  the  bottom  and 
which  runs  for  eleven  hours  out  of  twelve  up  stream  or  into  the 
Upper  Bay,  indicating  a  huge  vertical  eddy.* 

The  principle  of  concentration  or  trailing  by  convergent  or  parallel 

jetties,  on  the  other  hand,  has  been  applied  frequently  by  maritime 

engineers,  but  generally  without  producing  the  desired  results  unless 

aided  by  dredging.     The  most  successful  instances  of  this  method  are 

those  at  the  mouths  of  large  rivers  which  debouch  into  nearly  tideless 

seas,  as  at  the  Sulina  mouth  of  the  Danube,  built  by   Sir  Charles 

Hartley;  the  South  Pass,  by  the  late  James  B.  Eads,  M.  Am.  Soc.  C.  E., 

and  the  Tampico  jetties,  by  E.   L.   Corthell,  M.  Am.  Soc.  C.  E. ;  but 

for  2)ureJy  tidal  entrances  the  effect  of  the  two  jetties  is  to  invert  the 

natural  trumpet-shaped  opening  and  to  diminish  the  area  of  the  gorge, 

which  is  transferred  to  the  crest  of  the  bar,  thus  reducing  the  tidal 

volumes,  preventing  the  complete  tilling  of  the  interior  compartment 

and  requiring  the  same  volume  to  move  in  both  directions  over  the 

same  path.     The  effect,  therefore,  is  to  minimize  the  movement  and 

reduce  the   resultant   to  zero.     Probably   the   most   successful   tidal 

harbor  improved  by  convergent  jetties  is  that  of  Dublin,  where  the 

improvement  is  largely  due  to  a  gap  of  600  ft.    left  in  the   "Great 

North  Wall,"   or  jetty,  near  its  shore  end,   to  admit  the  flood  tide 

*  Ms.  Rpport  of  Professor  Henry  Mitchell,  U.  S.  C.  &  G.  Survey  Office,  or  "  Harbor 
Studies"  by  the  author.    Library.  Am.  Soc.  C.  E. 
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which  passes  over  the  North  Bull  Sands,  and  which  flows  out  chiefly 
through  the  jetties  because  of  the  form  of  the  basm  -and  the  great 
range  of  the  tides,  which  is  there  about  13  ft. 

The  following  extracts  fi-om  a  paper  read  May  20th,  1879,  by  John 
Purser  Grriffith,  Assoc.  M.  Inst.  C.  E.,  on  "The  Improvement  of  the 
Bar  of  Dublin  Harbor  by  Artificial  Scoiir,"  will  serve  to  illustrate  this 
point  : 

"  Mr.  Giles  recommended  that  an  opening  should  be  left  at  the 
shore  end  of  the  proposed  wall  600  ft.  wide,  to  allow  of  a  free  passage 
for  the  tidal  waters  north  of  the  Green  or  Bull  Island,  as  the  sand  island 
on  the  North  Bull  was  called.  This  opening  had  been  proposed  by 
Cajitain  Corneille  in  1802;  but  at  that  time  the  Directors  General  of 
Inland  Navigation  feared  that  the  flood  tide  flowing  through  this  open- 
ing would  carry  sand  from  the  North  Bull  into  the  harbor,  and  that  the 
injury  thus  done  to  the  port  might  more  than  counterbalance  any  ad- 
vantage to  be  gained  by  the  opening. 

"  In  1835  Sir  William  Cubitt  reported  upon  the  state  of  the  harbor. 
Referring  to  the  improvement  of  the  bar,  he  says:  'The  great  increase 
of  depth  and  improved  channel  over  the  bar  I  attribute  entirely  to  the 
erection  of  the  Great  North  Wall,  a  measure  founded  upon  sound  prin- 
ciples, and  carried  into  eflfect  in  a  manner  well  calculated  to  effect  the 
desired  jjurposes— viz.,  that  of  checking  the  influx  of  sand  upon  the 
flood  tide  from  the  North  Bull  into  the  harbor,  and  giving  an  increased 
impetus  at  the  ebb  tide  by  means  of  narrowing  the  stream,  and  confining 
it  to  a  direction  suitable  for  keeping  open  the  best  channel,  the  efi'ect  of 
which  is  already  shown  by  an  increased  depth  of  5  ft.  over  the  east  bar 
since  the  erection  of  the  Great  North  Wall. ' 

"  Cajjtain  Washington,  in  his  report,  written  in  1845,  on  the  harbor 
of  Dublin,  as  one  of  the  Tidal  Harbors  Commissioners,  referred  to  the 
Great  North  Wall  as  follows :  '  The  propriety  of  this  measure,  which 
involved  so  heavy  an  expenditure,  has  been  a  siibject  much  controverted 
amongst  persons  connected  with  the  jDort ;  but  it  is  believed  that  there 
is  now  but  one  opinion  as  to  its  beneficial  efiects,  and  that  the  plan 
evinced  both  good  judgment  and  skill. ' 

' '  There  are  few,  if  any,  similar  cases  of  a  bar  and  entrance  channel 
to  any  harbor  being  increased  in  depth  like  that  of  Dublin,  viz. ,  about 
7  ft.  in  thirty  years,  and  I  think  great  credit  is  due  to  those  who 
designed,  as  well  as  those  who  executed  works  which  have  achieved  so 
important  a  result. 

"  The  improvement  of  Dublin  Harbor  entrance  ranks  second  to  none. 
There  is  no  other  example,  so  far  as  the  author  is  aware,  of  the  con- 
struction of  an  artificial  estuary  for  scouring  jjurposes  which  has  proved 
so  successful. 

"  In  the  discussion,  Mr.  Abernethy,  Vice-President,  said  he  thought 
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attention  should  be  directed  to  the  construction  of  works  which  would 
tend  to  increase  the  tidal  volume,  and  at  the  same  time  to  prolong  the 
action  of  the  outgoing  currents  from  the  period  of  half  ebb  towards  low 
water. 

"  Mr.  Bergeron  stated  it  was  very  diflScult,  almost  impossible,  to 
dredge  sand  bars  in  an  open  sea. 

"  Mr.  Vernon-Harcoui-t  said  that  to  diminish  the  tidal  cajjacity 
within  a  harbor  was  the  worst  thing  that  could  possibly  be  done. 

"  Mr.  Griffith  said:  'Prior  to  the  construction  of  the  Great  North 
Wall  the  ebb  of  a  spring  tide  attained  a  velocity  of  IJ  miles  per  hour 
across  the  bar,  while  at  i^resent  it  reached  nearly  3^  miles,  showing  an 
increase  of  about  2  miles  per  hour.  He  did  not  believe  that  very  high 
velocities  were  efficient.  Several  instances  might  be  named  in  which 
high  velocities  were  attained,  and  yet  the  scour  was  a  failure.' 

"  Mr.  Stoney  thought  that  though  there  might  be  some  doubt  as  to 
the  authorship  of  the  Great  North  Wall,  there  could  be  none  as  to  its 
complete  success." 

From  this  quotation  it  appears  that  some  of  the  best  authorities  in 
the  world  recognize  an  increase  in  depth  of  7  ft.  in  thirty  years  as 
being  beyond  precedent,  yet  at  Aransas  Pass,  with  an  incompleted 
reaction  breakwater,  having  large  gaps  at  both  extremities,  a  feeble 
tide  (only  14  ins.),  and  a  serious  submerged  obstruction  almost  com- 
pletely blocking  the  channel,  the  dej^ths  have  progressively  increased 
from  about  6  ft.  to  an  average  of  over  18  ft.  in  a  few  years,  while  in 
some  places  there  are  depths  of  23  ft. ;  so  that  instead  of  a  deepening 
at  the  rate  of  1  ft.  in  over  four  years,  the  figures  are  reversed  and 
show  over  4  ft.  in  one  year,  a  rate  which  is  about  twenty  times 
greater  than  the  best  heretofore  recorded. 

These  results  are  the  more  remarkable  as  they  have  been  obtained 
without  the  aid  of  dredging,  and  on  a  bar  which  is  composed  of  hard, 
fine  sand,  so  compact  that  a  boat  hook  or  the  blade  of  an  oar  does  not 
penetrate  it;  so  solid  is  it,  that  a  Board  of  Engineers,  in  1889,  said  of 
this  bar  that  "  The  necessary  results  could  not  be  obtained  without 
•extensive  and  almost  constant  dredging,  which  would  involve  incalcu- 
lable expense." 

As  early  as  1871,  the  project  of  obtaining  a  navigable  channel  over 
the  Aransas  Bar  was  pronounced  impracticable  because  of  its  cost. 
The  report  of  the  United  States  Engineers  of  1871  stated  that  "  The 
cost  of  building  a  jetty,  from  Mustang  or  St.  Joseph's  Island  towards 
the  bar,  which  would  be  able  to  resist  the  action  of  the  storms  uijon 
the  quicksand  foundation,  must  be  an  insuperable  objection  to  any 
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such  experiment;"  yet  it  was  finally  considered  exj^edient,  and  it  was 
further  estimated  in  1879  that,  to  obtain  a  12-ft.  channel  would  cost 
ig759  185.  (The  ruling  depths  are  8  to  8i  ft.)  Work  was  commenced 
on  this  project  in  1880  and,  after  an  expenditure  of  ^550  416,  up  to 
June,  1890,  it  was  discontinued,  with  a  resulting  depth  of  74  ft.  In 
1887  the  project  was  modified  "to  secure  and  maintain  a  channel 
depth  of  not  less  than  20  ft.,"  and  the  same  report  stated  that  "  The 
original  estimated  cost  of  this  work,  as  here  revised,  is  ^2  052  543.72."^ 

Cost  of  the  Eeaction  Breakwater. 

As  the  Government  abandoned  the  work  at  Aransas  and  concen- 
trated its  appropriations  on  Galveston,  a  private  company,  known  as 
the  Aransas  Pass  Harbor  Company,  was  incorporated,  March  22d, 
1890,  and  soon  thereafter  secured  a  large  land  bonus  and  proceeded  to 
construct  another  jetty  which,  like  its  predecessor,  was  erroneously 
located  on  the  southerly  side  of  the  Pass.  It  proved  to  be  a  failure^ 
as  was  predicted,  but  seemed  to  be  a  necessary  part  of  the  experience 
of  the  Company. 

At  a  later  date  the  Company  was  reorganized,  and  it  was  then  deci- 
ded to  give  the  reaction  breakwater  a  trial  by  building  only  half  of  it, 
for  which  half  depths  of  15  ft.  were  predicted.  Work  was  commenced 
in  August,  1895,  and  in  a  few  months  the  bar  deepened  to  13  ft. ;  but, 
unfortunately,  the  remains  of  the  original  Government  jetty  were  then 
uncovered  and  found  to  be  still  in  place,  lying  across  the  proposed 
channel,  although  previously  officially  reported  to  have  "disap- 
peared." The  building  of  the  breakwater  to  high  water  intersected 
this  old  work  and  formed  a  pocket  which  arrested  the  sand  and  pre- 
vented scour,  while  the  Harbor  Company  failed  to  remove  the 
obstructing  jetty,  as  advised  to  do,  until  the  Avinter  of  1896-97,  when 
a  contract  was  made  with  Col.  C.  P.  Goodyear  to  comjjlete  the  work, 
he  to  advance  all  the  funds  and  assume  all  risks. 

He  exploded  some  23  350  lbs.  of  dynamite  on  the  old  jetty  and  bar, 
causing  a  breach  of  about  500  ft.  in  length  near  the  breakwater,  but 
being  unable  to  secure  the  capital  in  time  to  continue  the  work,  he 
was  reluctantly  obliged  to  surrender  his  contract  in  May,  1897.  Since 
that  time  no  work  has  been  done.  About  J  mile  of  the  breakwater 
near  the  center  was  built  to  full  dimensions;  the  shore  flank  was  e5c- 
teiided  to  its  minimum  limits,  but  of  a  contracted  section,  with  large 
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•  gaps  tlirougli  which  the  ebb  currents  escaped  seaward  and  the  sand 
entered  the  channel  during  flood  tide,  and  the  mat  was  laid  at  the 
outer  end  to  a  distance  of  1  000  ft.  All  this  work  was  done  by  Charles 
Clark  &  Company,  of  Galveston,  and  notwithstanding  the  storms, 
which  have  been  violent,  and  the  alleged  quicksand,  there  is  no 
appreciable  loss  or  shrinkage  in  the  sections  of  the  structure,  which 
has  stood  more  than  three  years,  in  a  very  exposed  position,  doing  ex- 
cellent service. 

The  total  length  of  the  structure  as  designed  is  6  200  ft.,  and  about 
^250  000  has  been  expended  on  it. 
The  quantities  were: 

-Rip-rap  (core) 47  246  cu.  yds. 

Cap  stones 9  183 

Mattress  work 17  000 

73  429 

Say  75  000  cu.  yds.  at  $3.33  jaer  yard,  and  the  cost  per  foot  of  depth 
gained,  to  date,  has  been  approximately  $25  000.  It  would,  doubtless, 
have  been  much  less  but  for  the  old  jetty,  which  is  still  a  serious  ob- 
struction and  menace  in  the  navigable  channel. 

As  the  total  length  of  this  work  is  less  than  half  that  required  by 
the  ijarallel-jetty  system,  it  is  evident  that  its  cost  will  be  much  less 
while  its  eflSciency  is  much  greater,  as  it  creates  and  maintains  its  own 
channel. 

An  official  report  of  a  thorough  survey  made  in  January  and  Feb- 
ruary, 1899,  by  the  United  States  Coast  and  Geodetic  Survey  states, 
inter  alia  : 

That  during  the  winter  the  weather  was  so  bad  that  it  was  only 
practicable  to  get  on  the  bar  for  survey  purposes  about  one  day  out  of 
each  week,  and  that  "very  heavy  gales  prevailed  with  terrific  force 
with  the  wind  from  the  north-north-east." 

"  In  1895  the  Aransas  Pass  Harbor  Company  constructed  a  jetty  in 
the  shape  of  the  letter  S  on  the  north  side  of  the  entrance,  which  is 
still  in  existence,  and  ever  since  its  construction  there  has  been  a 
marked  increase  in  the  dejjth  of  water  on  the  bar.  The  present  channel 
crosses  the  Mansfield  jetty,  portions  of  which  are  still  in  existence.  An 
attempt  was  made  to  remove  this  by  explosion  of  dynamite,  with  the 
result  that  the  rocks  scattered  over  considerable  area,  and  without 
doubt  they  prevent  the  current  from  scouring  the  bottom  to  its  full 
capacity.     *     *     *     It  is  my  opinion  that  by  the  completion  of  the 
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present  jetty  and  the  clearing  away  of  the  rock  in  the  entrance  that  a 
channel  of  at  least  20  ft.  in  depth  would  soon  be  secured." 

This  report,  taken  as  a  whole,  confirms  in  every  jiarticular  the  pre- 
dictions of  the  inventor  as  to  the  results  to  be  expected  and  the 
features  embodied  in  a  breakwater  of  this  peculiar  form  and  position. 

The  conditions  which  this  structure  was  designed  to  fulfill  were : 

1.  That  it  should  arrest  the  littoral  drift  of  sand  and  defend  the 
channel  from  its  encroachments — hence  it  must  be  placed  to  "  wind- 
ward "  of  the  proposed  channel. 

2.  That  it  should  freely  admit  the  full  tidal  prism  during  the 
entire  period  of  flood  tide,  that  there  might  be  no  reduction  of 
volume  at  ebb;  consequently  it  was  detached  from  shore,  there  being 
a  ^ap  of  nearly  1  800  ft.  left  open  at  the  inner  end. 

3.  That  it  should  catch  and  control  the  greater  part  of  the  dis- 
charge at  ebb  and  confine  it  locally  to  a  narrow  path  across  the  bar, 
thus  changing  the  conditions  of  equilibrium  of  the  tidal  movements 
largely  in  favor  of  the  ebb. 

4.  It  should  be  a  compound  and  reverse  curve,  concave  to  the 
channel,  and  have  such  radii  as  to  produce  the  best  dimensions  of 
waterway  consistent  with  the  volume  of  discharge,  so  as  to  develop  a 
continuous  reaction  entirely  across  the  bar  and  at  the  same  time  afford 
a  good  navigable  channel. 

5.  It  should  also  be  so  adjusted,  with  reference  to  the  axis  of  the 
discharge,  as  to  receive  the  same  tangentially  and  train  it  across  the 
bar  without  creating  abrupt  points  of  incidence,  causing  inequality  of 
depths,  and,  at  the  same  time,  not  producing  so  much  compression 
as  to  cause  undermining  and  ultimate  destruction  or  large  expense 
for  maintenance. 

6.  It  should  also  control  a  sufficient  volume  to  prevent  any 
encroachment  of  drift  from  the  opposite  side  of  the  channel  during 
the  season  of  change  in  the  direction  of  angular  wave  movements,  and 
thus  construct  its  counterj^art  of  sand  to  aid  in  controlling  the  cur- 
rents, without  cost. 

7.  It  should  not  promote  the  growth  of  the  bar  seaward  by  the 
deposit  of  the  material  removed  from  the  channel  on  the  outer  slope  of 
the  bar. 

8.  It  should  rise  above  high  water  to  afford  an  aid  to  navigation  by 
breaking  the  waves  and  indicating  the  position  of  the  channel. 


HAUPT   ON    REACTIOK    BEEaKWATER.  493 

9.  It  should  be  so  located  as  to  develop  the  channel  across  that  part 
of  the  entrance  where  the  bar-building  forces  are  weakest,  thus  giving 
quicker  and  more  permanent  results. 

That  this  single,  detached,  reaction  breakwater  fully  satisfies  the 
foregoing  requirements,  even  under  adverse  circumstances  and  in  an 
incomplete  state,  is  demonstrated  sufficiently  by  the  work  done  at 
Aransas  Pass,  as  shown  by  the  i^rogressive  deepening  and  enlargement 
of  the  channel  since  the  breach  was  made  in  the  old  Government  jetty 
by  Colonel  Goodyear  in  1897.  That  it  is  a  stable,  permanent  and 
economical  structure  is  also  shown  by  the  condition  of  the  work  after 
tests  by  severe  storms  and  by  years  of  exjjosure.  That  it  has  a  remark- 
able power  of  i^roducing  erosion  is  shown  by  the  fact  that  in  February, 
1895,  the  distance  across  the  bar  between  the  15-ft.  contours  on  the 
inside  and  outside  was  3  650  ft. ,  or  nearly  f  of  a  mile,  which  has  been 
cut  through  except  a  few  hundred  feet,  giving  a  navigable  channel  at 
mean  low  water  of  over  14  ft. ,  and  without  material  advance  of  the 
bar  seaward. 

It  is  not  doubted  by  competent  authorities  that  if  the  breakwater 
had  been  completed  in  the  ten  months,  as  originally  proj)osed,  and 
the  old  jetty  had  been  promptly  removed  when  discovered  in  situ,  the 
predicted  20  ft.  would  have  been  secured  ere  now,  and  withoixt  aid 
from  dredging,  while  the  channel  would  have  been  self -maintaining. 

In  short,  this  simple  structure  marks  a  distinct  advance  in  the 
resources  of  maritime  engineers  in  the  improvement  of  ocean  bars, 
with  great  economy  in  cost  of  construction  and  maintenance,  and  large 
saving  of  time.  It  is  the  result  of  about  25  years  of  research  and  over 
11  years  of  effort  to  secure  a  practical  demonstration,  and  it  has  now 
reached  a  point  sufficient  to  prove  its  great  utility. 

It  is  but  just  to  add  that  these  unprecedented  results  were  i^robably 
unknown  to  the  Board  of  Engineers  which  stated  in  1897  "that  the 
value  to  the  Government  of  the  works  of  the  Aransas  Pass  Harbor 
Company  for  the  improvement  of  Aransas  Pass,  Tex.,  is  nothing,"  and 
that  the  same  Board  in  reporting  on  the  same  subject  December  17th, 
1898,  therefore  urged  the  removal  of  the  outer  1  000  ft.  of  foundation ; 
the  construction  of  a  sill  40  ft.  wide  and  3  ft.  deep,  which  would  have 
obstructed  the  tides  by  closing  the  opening  at  the  shore  end;  the 
construction  of  a  parallel  straight  jetty  on  the  southerly  side  of  the 
channel  and  other  works,  supplemented  by  the  dredging  of  750  000  cu. 
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yds.  at  an  estimated  cost  of  $1  525  000.  This  estimate  was  met  by  a 
proj)Osition  from  a  responsible  firm  of  contractors  to  guarantee  the 
20-ft.  channel  within  two  years  at  a  cost  of  less  than  half  of  the  above 
sum,  with  the  result  that  Congress  concluded  to  appropriate  ^60  000  to 
remove  the  obstructing  portion  of  the  old  Government  jetty,  and 
permitted  the  incomplete  breakwater  to  remain  unmolested,  that  it 
might  continue  to  deepen  the  channel  by  natural  agencies  and  so 
further  demonstrate  its  utilities.  At  that  date  the  reported  depth  was 
13  ft.  4  ins.,  while  since  then  it  has  increased,  within  a  few  months,  to 
about  18  ft.  at  the  same  point,  thus  confirming  the  wisdom  of  this 
action.  With  the  gaps  closed  and  the  structure  completed,  there 
should  result,  in  a  short  time,  the  full  depth  of  20  ft.,  as  predicted, 
and  at  a  cost  considerably  less  than  half  of  that  of  the  parallel  jetties, 
as  originally  proposed.  The  manifest  economies  of  this  method  should 
suffice  to  commend  it  for  more  general  use  in  the  improvement  of  bars 
on  alluvial  coasts  where  there  is  a  resultant  littoral  drift. 

The  writer  desii'es  to  acknowledge  his  indebtedness  to  H.  C. 
Ripley,  M.  Am.  Soc.  C.  E.,  and  George  Y.  Wisner,  M.  Am.  Soc.  C.  E. , 
consulting  engineers,  for  assistance  in  ijreparing  the  specifications  and 
for  their  unshaken  confidence  in  the  results  to  be  expected  from  this 
plan  from  its  inception,  as  well  as  to  Colonel  C.  P.  Goodyear  for  his 
successful  effort  to  breach  the  old  jetty,  and  thus  enable  the  partially 
controlled  currents  to  reach  the  crest  of  the  bar. 

The  work  was  done  under  the  efficient  supervision  of  William 
Dunbar  Jenkins,  M.  Am.  Soc.  C.  E. ,  resident  engineer  for  the  Harbor 
Company,  and  his  assistants,  Messrs.  Pitts  and  Collins. 


HAUPT    ON    KEACTION    BREAKWATER.  495 


.A.  :p:PE]sriDi:x: . 


THE  THEORY  OF  THE  REACTION  BREAKWATER. 

It  was  the  purpose  of  the  writer  lo  submit  only  a  brief  statement 
of  physical  conditions  and  results  secured  under  very  adverse  circum- 
stances, but,  in  deference  to  the  opinions  of  the  Committee  on  Publica- 
tions, a  digest  of  the  researches  which  led  to  the  develoisment  of  this 
form  of  breakwater  is  added  to  supplement  the  subject. 

The  numerous  and  conflicting  conclusions,  reported  after  careful 
instrumental  surveys  made  to  determine  the  direction  and  intensity  of 
the  forces  ojierating  upon  ocean  bars,  led  the  writer  to  give  them  but 
little  weight,  and  to  conclude  that  the  best  guide  in  such  cases  was  to 
be  found  in  a  correct  interpi-etation  of  the  resultant  hydrographic 
features  as  revealed  by  a  study  of  comparative  charts.  This  method 
is  best  applied  to  alluvial  coasts  where  the  material,  being  more  or 
less  mobile  or  plastic,  is  moulded  by  the  ever-varying  forces  of  winds, 
waves,  tides  and  currents,  the  res^^ltant  effect  of  which  is  manifested 
by  the  form,  size  and  location  of  the  adjacent  and  submerged  shoals, 
dunes  and  other  features;  in  short,  it  is  a  deduction  of  cause  from 
effect  and  is  characterized  by  certain  typical  forms  and  directions  of 
movement,  so  that  a  comprehensive  as  well  as  detailed  study  of  the 
records  covering  an  extended  period  of  time  are  important  factors  in 
solving  problems  of  this  class. 

The  writer,  therefore,  gave  considerable  time  to  the  investigation 
of  the  literature  and  charts  pertaining  to  harbor  inlets,  both  at  home 
and  abroad,  making  personal  visits  to  the  more  important  works,  and 
was  surprised  to  find  how  small  a  percentage  were  designed  with  a 
view  to  utilize  the  natural  forces  for  deejaening  and  maintenance.  He 
prepared  several  papers  discussing  and  classifying  these  problems, 
which  have  appeared  in  various  scientific  periodicals.* 

*  "  Harbor  Studies."    Proceedings,  Engineers'  Club  of  Philadelphia,  Jan.  16th,  1886. 

"  The  New  York  Entrance."  Proceedings,  Engineers'  Club  of  Philadelphia,  Feb.  6th, 
1886. 

"The  Delaware  Breakwater."  Proceedings,  Engineers'^  Club  of  Philadelphia,  Feb. 
20th,  1886. 

"  Problem  of  the  New  York  Entrance."  Proceedings,  Am.  Assoc,  for  Advancement  of 
Science,  Aug.  20th,  1886. 

"  Improvement  of  Tidal  Rivers."    Journal  of  the  Franklin  Inst.,  Sept.,  1887. 

"  Improvement  of  the  Port  of  Philadelphia."    Journal  of  the  Franklin  Inst.,  Oct.,  1887, 

"The  Physical  Phenomena  of  Harbor  Entrances:  Their  Causes  and  Remedies." 
Proceedings,  Amer.  Phil.  Soc,  1888.  (This  paper  received  the  award  of  the  Magellanic 
Premium,  Dec.  16th,  1887. ) 

"  Discushion  of  the  Dynamic  Action  of  the  Ocean  in  Building  Bars,  etc.,  being  a  reply 
to  Report  of  the  Board  of  Engineers,  U.  S.  E."    Proceedings,  Amer.  Phil.  Soc  ,  March,  1889. 

(This  list  continued  in  the  foot-note  to  page  hys.) 
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The  result  of  these  investigations  led  to  the  following  conclusions: 

(1)  That  in  many  places  there  were  cyclic  movements  of  the  bars 
and  channels  produced  by  the  resultant  of  the  external  littoral  forces 
which  were  the  bar-building  agents,  and  which  predominated  over  the 
internal  or  ebb  cuiTents  which  were  the  bar-destroying  elements. 

(2)  That  maritime  engineers,  in  their  efforts  to  imjirove  purely  tidal 
entrances,  had  greatly  reduced  the  tidal  energy  by  constructing  two 
parallel  or  convergent  jetties  from  the  shore  line  to  the  bar,  thus  ob- 
structing the  free  ingress  of  the  tide  upon  whi^jh  they  were  dependent 
for  both  volume  and  velocity  at  ebb,  and  that  such  construction  con- 
fined the  movements  at  all  stages  of  both  ebb  and  flood  to  the  same 
path  across  the  bar,  thus  producing  no  changes  of  equilibrium  in  favor 
of  the  ebb  and  reqiiiring  constant  expense  for  bar  removal  and  main- 
tenance between  jetties  by  dredging. 

(3)  That  in  the  consti-uction  of  jetties,  where  there  is  a  resultant 
littoral  drift,  the  wrong  one  is  sometimes  built  first,  thus  arresting  the 
drift  and  causing  the  bar  to  advance  seaward  (in  one  case  nearly  3 
miles),  thiis  greatly  increasing  the  cost. 

(4)  That  no  attempt  had  been  made  to  utilize  the  reaction  principle 
to  effect  a  local  scour  across  au  ocean  bar  similar  to  that  existing  in 
all  concave  bends  of  streams. 

The  writer,  therefore,  believed  that,  by  a  radical  departure  from, 
the  existing  practice,  there  were  numerous  localities  where  a  single 
structure  of  proper  form  and  position  might  be  made  to  utilize  all  the 
available  forces  of  Nature  to  assist  in  creating  a  better  channel  across 
ocean  bars  and  fulfill  all  the  requirements  as  set  forth  in  the  first  portion 
of  this  paper,  but  as  no  precedent  existed  and  he  must  needs  establish 
the  correctness  of  the  theory,  applications  were  made  in  January, 
1888,  to  the  Board  of  Engineers,  U.  S.  A.,  for  a  report  on  his  plans, 
followed  by  requests  to  the  Chiefs  of  Engineers,  under  dates  of  June 
30th,  July  30th  and  September  14th,  1888,  for  permission  to  make 
a  demonstration,  at  a  site  to  be  agreed  upon.  These  requests  were 
never  even  acknov/ledged,  although  the  letters  were  doubtless  received, 
since  they  were  not  returned,  while  the  Board  made  an  adverse  report 
to  the  Chief  of  Engineers  on  March  16th,  1888,  concluding  with  these 
words:    The  Board  finds  that  Professor  Haupt's  views   "are   purely 

"Fire  Island  Inlet:  Is  it  Moving  East  or  West?"  Journal  of  the  Franklin  Inst., 
April,  1889. 

"  Report  on  the  Harbor  of  Wilmington,  Del."    March,  1888. 

"Jetties  for  Improving  Estuaries."    Journal  of  the  Franklin  Inst.,  April,  1888. 

"  Harbor  Bar  Improvements."    Journal  of  the  Franklin  Inst.,  July,  1889. 

"Galveston  Harbor  Problem."    Journal  of  the  Franklin  Inst.,  Oct.,  1891. 

"  How  to  Obtain  Deep  Water  on  the  Gulf."  Pub.  Doc.  S.  1583,  .51st  Congress,  1st  Ses- 
sion, Jan.,  1891. 

"  Plans  for  Improvement  of  Entrance  of  Rio  Grande  do  Sul,  Brazil,"  18S8. 

"Littoral  Movement  of  the  New  Jersey  Coast,  with  Remarks  on  Beach  Protection 
and  Jetty  Reaction."     Transactions,  Am.  Soc.  C.  E..  Sept.,  1890. 

(Most  of  the  papers  cited  in  this  list  will  be  found  in  the  library  of  the  Society. ) 
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theoretical,  are  unconfirmed  by  experience  and  contain  nothing  not 
already  well  known,  which  has  a  useful  application  in  the  improve- 
ment of  our  harbors." 

The  writer  only  learned  of  the  existence  of  this  report  by  accident 
at  a  later  date,  when  it  was  quoted  against  his  plans.  He  then  dis- 
cussed the  report,  forwarding  copies  thereof  to  the  members  of  the 
Board  and  the  then  Chief  of  Engineers,  but  received  no  reply.  It  was 
therefore  impossible  to  "  confirm  the  theory  by  exiDerience,"  and  there 
was  no  alternative  but  to  await  a  favorable  opportunity,  which  did  not 
arrive  until  1895,  when,  everything  else  having  failed  at  Aransas  Pass, 
where  over  .f  500  000  had  been  spent  by  the  Government  in  futile  eiforts 
to  secure  20  ft.  of  water,  a  i^rivate  party  finally  concluded  to  build  half 
of  the  reaction  breakwater  on  a  iiredicted  depth  of  15  ft.  for  this  part 
of  the  work.  This  depth  has  now  been  exceeded,  but  only  after  a 
breach  was  made  in  the  obstructing  Government  jetty,  officially 
reported  to  have  disappeared  prior  to  the  beginning  of  the  work. 
The  partially  controlled  currents  have  actually  removed  about  400  000 
cu.  yds.  of  compact  sand  from  the  bar  without  the  aid  of  a  dredge  or 
other  mechanical  appliance,  and  have  prevented  the  dei^osition  in  the 
channel  of  a  much  larger  volume  driven  along  the  coast  by  the  angular 
wave  movements. 

The  theory,  therefore,  which  has  been  successfully  applied  at  this 
admittedly  difficult  and  impromising  location,  was  to  protect  the  bar 
crossing  near  its  weakest  point  from  the  drifting  sand  by  a  resisting 
mass  of  rock  so  placed  as  to  develop  a  continuous  reaction  across  the 
bar  by  the  ebb  currents,  preventing  their  expanding  over  the  entire 
external  sector  and  conserving  the  energy  of  the  effiuent  stream  until  it 
reached  the  deep  water  of  the  Gulf. 

As  means  to  this  end  the  breakwater  is  detached  from  the  shore  to 
permit  the  tidal  compartments  of  the  inner  bays  to  be  filled  freely  by 
each  flood ;  it  is  also  composed  of  curves  whose  radii  and  centers  are 
adjusted  to  the  site  in  such  manner  as  to  cause  deposits  on  the  outer 
side  of  the  structure,  thus  re-enforcing  it,  and  scour  on  the  inner  side, 
v/here  an  excess  of  foundation  material  revets  the  slope,  and  a  peculiar 
order  of  construction  is  adoi3ted,  whereby  the  scour  is  assisted  by 
gravity  and  the  advance  of  the  bar  seaward  is  prevented. 

All  these  results  appear  to  have  been  fully  secured  by  the  work  thus 
far  done,  as  is  shown  by  the  Coast  Survey  report  of  February,  1899. 
Modifications,  however,  are  always  to  be  expected  in  depths  due  to 
variations  in  the  natural  forces,  but  the  progressive  deepening  created 
by  the  currents  gives  every  assurance  of  their  ability  to  maintain  the 
channel  they  have  already  created  and  which  would  be  still  further 
deepened  by  the  comialetion  of  the  work  as  designed. 

The  modifications  submitted  to  the  last  Congress  by  two  members 
of  the  Board  of  Engineers  in  their  report  of  December  17th,  1898,  are 
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sliowu  in  Fig.  1,  from  wliicli  it  appears  that  it  was  proposed  to  return, 
as  nearly  as  might  be,  to  the  old-time  method  of  two,  nearly  parallel, 
jetties  and  the  closure  of  the  beach  entrance,  supplemented  by  dredg- 
ing, at  a  cost  of  over  $1  500  000.  This  jslan,  if  adopted,  would  destroy 
the  effective  energy  of  the  currents  and  prevent  the  completion  of  the 
demonstration  of  the  principles  which  have  been  applied  thiis  far  at 
this  entrance  with  unprecedented  success,  and  would  further  involve 
an  annual  exijense  for  maintenance,  which  is  not  now  required. 

This  proposition,  however,  was  rejected  by  Congress,  which,  as 
stated,  made  an  approjiriation  of  $60  000  to  remove  that  portion  of  the 
old  Government  jetty  which  crossed  the  channel  and  provided  that  no 
portion  of  the  reaction  breakwater  should  be  disturbed.  This  work 
was  recommended  by  the  United  States  District  Engineer,  June  8th, 
1899,  and  was  authorized  July  11th,  1899,  but,  up  to  the  latter  jjart  of 
September,  the  work  had  not  been  advertised  to  be  let. 

As  a  i^art  of  the  evolution  of  the  improvement  of  ocean  bars  and 
in  confirmation  of  the  theory,  the  writer  desires  to  add  that  inde- 
pendent efforts  were  being  made  by  others  in  the  same  direction  and 
with  substantially  the  same  conclusions  as  to  the  primary  importance 
of  arresting  the  littoral  drift  and  of  concentrating  the  scouring  force 
by  a  single  curved  breakwater  instead  of  controlling  the  ebb  move- 
ments by  means  of  two  jetties.  As  early  as  1883,  Mr.  H.  C.  Eipley, 
then  United  States  Assistant  Engineer  to  Colonel  S.  M.  Mansfield, 
stationed  at  Galveston,  Tex.,  designed  a  concave,  detached  breakwater 
for  that  entrance,  to  be  jjlaced  on  the  windward  side  of  the  channel, 
which  was  approved  by  Colonel  Mansfield  and  recommended  to  the 
Chief  of  Engineers  for  adoption,  in  a  letter  dated  March  19th,  1884. 
This  design  is  shown  in  the  Report  of  the  Chief  of  Engineers  for  1884, 
opposite  page  1300,  and  designated:  "Site  of  North  Jetty,  proposed 
by  Colonel  Mansfield." 

This  coincidence,  in  connection  with  Mr.  Wisner's  work,  both  at 
the  South  Pass  and  at  the  mouth  of  the  Brazos,  led  to  the  formation 
of  the  Board  of  Consulting  Engineers  for  Aransas  Pass  by  Mr. 
Brewster  Cameron,  which  consisted  of  H.  C.  Kipley,  George  Y. 
Wisner  and  the  writer.  Their  predictions  have  been  inllj  verified  by 
the  results  secured  by  natural  scour  after  the  partial  removal  of  the 
unexpected  obstructions. 

A  propos  of  the  severe  floods  in  the  basin  of  the  Brazos  River, 
Texas,  in  July,  it  was  expected  that  the  larger  volume  discharging 
with  greater  velocity  over  the  bar  at  its  mouth  between  parallel  jetties 
would  materially  improve  the  depth.  On  the  contrary,  the  soundings 
showed  but  15  ft.  in  several  places,  thus  demonstrating  the  relative 
superiority  of  the  principle  of  reaction  by  a  single  jetty,  as  ajsplied 
at  Aransas,  to  that  of  concentration  by  twin  jetties  at  the  Brazos 
River  bar. 
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DISCUSS  ION. 


E.  L.  CoKTHELii,  M.  Am.  Soc.  C  E.   (by  letter). — Tbe  writer  liesi-  Mr.  Cortht 
tates  to  discuss  tliis  paper  for  the  reason  that  it  deals  witli  an  un- 
completed work,  whicli  is  so  exceptional,  as  to  the  theory  upon  which 
it  is  based,    that   the    paper    describing  it  seems  to  be  prematurely 
issued  and  unsatisfactory  for  discussion. 

The  writer  desired  sincerely  that  the  means  shoiild  be  furnished 
to  complete  the  work  according  to  the  jjlans  of  its  designers,  in  order 
that  it  might  be  demonstrated  whether  the  peculiar  theory  upon  which 
they  are  based  is  correct;  for  the  cost  will  be  only  about  one-third  of 
the  usual  cost  of  obtaining  deep  water  over  sea  bars. 

The  author,  however,  has  had  the  boldness  to  attack  the  methods 
generally  adopted  hitherto,  and  he  has  advanced  certain  theories  and 
made  certain  claims  for  them,  and  in  so  doing  has  necessai'ily  criti- 
cised plans  based  on  other  and  opjiosed  theories.  It  is,  therefore, 
necessary  to  consider  the  paj)er  carefully,  which,  however,  the  present 
engagements  of  the  writer  do  not  permit  him  to  do;  he  can  only 
hastily  give  a  resume  of  the  subject. 

The  terms  used  and  the  words  coined  by  the  author  are  not  entirely 
understood  by  the  writer,  and  he  may  not  be  correct  in  translating 
them  into  common  language. 

It  is  not  quite  clear  what  the  word  "  reaction  "  means,  or  such  an 
expression  as  this,  "the  curved  form  of  the  breakwater  is  such  as  to 
develop  the  potential  energy  of  the  ebb  currents,  rendering  them 
kinetic."  It  is  easily  understood  that  a  current  impinging  against 
the  concave  bank  of  a  river  scours  out  the  bed  near  the  bank,  but 
just  how  this  can  exist  in  the  case  of  a  convex  bank  is  not  so  easy  to 
understand;  for  it  must  be  remembered  that  one  of  the  essential 
features  of  this  woi-k  is  its  "S"-form — a  "compound  and  reverse 
curve." 

It  might  be  expected  in  a  river  that  a  current  passing  from  one 
concave  bank  to  another  concave  bank,  as  is  the  case  at  the  Arausas 
channel,  would  necessarily  make  what  river  men  call  a  "crossiug," 
and  that  on  this  crossing,  or  reversion  point  of  the  current,  tbere 
would  be  a  slackening  of  the  velocity  and  a  deposit  of  sediment. 
There  seems  to  be  such  action  going  on  at  Aransas  and  a  shoaling  at 
this  reversion,  which  no  doubt  will  always  exist  and  will  give  a 
limited  depth  at  that  point  unless  it  is  deepened  artificially. 

The  entii-ely  new  idea  that  "it  is  not  velocity  *  *  *  that  con- 
stitutes the  working  force  to  produce  scour,  biit  reaction  "  is  so  entirely 
opposed  to  all  accepted  ideas  of  river  and  harbor  engineers  and  their 
experience,  that  it  is  difficult  to  understand. 

The  writer,  in  the  course  of  the  last  25  years,  has  had    occasion, 
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Mr.  Corthell.  not  only  to  build  works,  but  to  examine  many  personally,  not  only 
in  this,  but  in  other  countries,  as  well  as  to  conduct  an  extensive 
correspondence  with  engineers  engaged  on  simijar  works,  and  he 
miist  say  that  the  views  of  the  author  are  not,  he  believes,  in  accord 
with  successful  practice.  The  writer  will  not  say  that  a  single-legged, 
worm  jetty  would  not,  in  some  situations,  obtain  the  desired  results, 
but  to  adopt  it  as  a  general  principle  is,  he  believes,  unsound. 

The  author  refers,  for  confirmation  of  his  views,  to  the  Dublin 
harbor  works,  which  the  writer  has  examined,  but  has  found  so  entirely 
different  in  conditions  and  plans  from  those  at  Aransas  that  he  does 
not  see  the  force  of  the  comparison.  The  tidal  opening  at  the  land 
end  of  the  North  Wall  at  Dublin  is  only  600  ft.  long,  and  the  dike  itself 
is  9000  ft.  long.  The  tides  in  Dublin  Bay  not  only  rise  13  ft.  as  against 
a  little  over  1  ft.  at  Aransas,  but  this  great  range  of  tide — which,  by 
the  way,  is  semi-daily,  instead  of  daily,  as  at  Aransas — and  the  local 
configuration  of  the  shores  cause  peculiar  and  ojiposmg  currents,  which 
this  ojjening  and  the  direction  and  extent  of  the  "North  Wall"  took 
advantage  of;  and— which  constitutes  the  greatest  difference— there  is 
a  solid  wall  16  000  ft.  long  on  the  opposite  side  of  the  channel  con- 
nected with  the  main  land,  all  above  water. 

It  is  to  be  noted,  further,  that  the  channel,  formed  so  successfully 
by  scouring  action  through  the  bar,  is  at  the  narrowest  place  between  the 
two  jetties,  and  that  where  the  "North  Wall"  flares  away  from  the 
"  South  Wall "  and  leaves  a  very  wide  opening,  the  entire  distance  has 
to  be  dredged  continually  to  make  and  maintain  the  depth.  In  fact, 
from  the  bridge  at  Carlisle  Street,  in  the  jjort,  to  within  1  000  ft.  of  the 
sea  end  of  the  "  South  Wall,"  which  is  the  guiding  and  longest  jetty, 
the  improvement  in  the  channel  is  due  solely  to  dredging,  the  effect  of 
the  scour  being  inappreciable. 

One  purpose  of  the  Aransas  breakwater  is  to  "arrest  the  littoral 
drift,"  and  for  this  jjurpose  it  is  built  on  the  "windward"  side  of 
the  channel.  The  author  presents  no  data  to  show  that  the  "wind- 
ward "  side  is  the  north  and  east  side.  The  writer's  recollection  is 
that  the  preponderance  of  winds  is  from  the  south  and  west,  and 
that  the  winds  and  the  currents  are  up  the  coast  during  most  of  the 
year.  However,  that  is  a  matter  of  fact  to  be  ascertained  from  the 
anemometer  records  at  Aransas  or  Galveston.  As  to  currents  in  the 
Gulf  of  Mexico,  the  writer  believes  the  following  to  be  generally  the 
conditions: 

The  current  enters  through  the  Yucatan  Channel,  and  goes  out 
through  the  Florida  Channel — so  far,  at  least,  as  surface  currents  are 
concerned.  The  former  moves  up  the  coast,  hugging  it  in  the  Bay  of 
Campeachy,  past  the  mouth  of  the  Coatzacoalcos  River  at  the  Isthmus 
of  Tehuantepec,  past  Vera  Cruz,  and  then  begins  to  spread  out  into 
the  great  area  of  the  Gulf.     Nearing  the  mouth  of  the  Mississippi, 
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"but  still  some  distance  off,  it  gathers  itself  together  for  its  passage  Mr.  Corthell, 
through  the  Florida  Straits,  its  velocity  gradually  becoming  greater. 
All  along  this  part  of  the  coast  there  is  a  reactionary  or  eddy  current 
which  moves  in  the  opj^osite  direction,  and  which  is  felt  as  far  west  as 
Galveston  and  the  month  of  the  Brazos,  though  with  much  diminished 
force.  A.t  Aransas  there  is  no  api^earance  of  the  Gulf  Stream  for 
probably  150  miles  offshore;  it  is  opposite  the  widest  expansion  and 
the  slackest  current  of  the  Gulf  Stream.  The  Avinds  cause  the  currents, 
and  but  little  reliance  can  be  placed  on  the  westward  drift.  For  this 
reason  the  oj)ening  which  is  left  between  the  jetty  and  the  land  is  of 
only  theoretical  advantage,  and  the  writer  believes  it  to  be  a  positive, 
practical  disadvantage.  This  was  his  contention  in  reference  to  the 
old  plans  at  Galveston,  and,  as  a  lesson  from  these  works,  the  follow- 
ing is  abstracted  from  his  paper  on  the  South  Pass  Jetties:* 

The  flood  volume  of  the  river,  and  the  full  volume  of  the  tides,  are 
the  powers  which  the  eogineer  should  call  to  his  aid.  Lateral  outlets 
near  the  land  should  not  be  i^rovided.  Ostensibly,  they  are  for  the 
purpose  of  letting  the  tides  into  the  bays,  but  it  is  through  them  at  the 
ebb  that  they  seek  to  find  the  lower  level  of  the  sea,  instead  of  taking 
the  longer  and  more  difficult  course  along  the  inside  of  the  works, 
where  there  is  a  pronounced  frictional  resistance  to  current  movement. 

This  important  feature  of  harbor  imj^rovement  was  explained  so 
clearly  by  the  late  James  B.  Eads,  M.  Am.  Soc.  C.  E.,  in  his  discussion 
of  the  writer's  paper  that  it  will  be  useful  to  refer  to  it  in  order  to  set 
ourselves  right  on  this  jioint. 

The  writer  has  made  a  special  study  of  most  of  the  river  mouths  and 
harbor  entrances  on  the  North,  Baltic  and  Zuyder  Seas— there  are  over 
25  of  them — and  he  knows  of  no  instance  where  there  are  not  two 
jetties  contracting  the  channel-way  and  concentrating  the  fluvial  or 
tidal  flow.  These  parallel  jetties  are  not  always  equal  in  length,  but 
there  are  always  two  of  them;  and  while  in  the  nearly  tideless  seas  of 
the  Baltic  and  the  Zuyder  Zee  dredging  has  to  be  done  to  some  extent, 
there  is  no  doubt  whatever  that  the  two  jetties  are  the  cause  of  the  suc- 
cessful maintenance  of  the  deej)  channels  which  have  been  maintained 
there  for  many  years,  the  depths  of  which  are  gradually  increased  to 
accommodate  the  increasing  drafts  of  vessels. 

Further,  before  quoting  Mr.  Eads'  discussion,  the  writer  desires  to 
state  some  facts,  in  reference  to  the  Tampico  harbor  works,  which  may 
have  a  bearing  on  the  "  reaction  "  theory  of  the  author.  They  will  at 
least  furnish  a  remarkable  proof  of  the  correctness  of  Mr.  Eads'  views, 
expressed  seven  years  before  their  occurrence.  The  details  of  the 
history  of  the  Tampico  works  will  be  found  in  the  Proceedings  of  the 
Institution  of  Civil  Engineers. f 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii,  p.  326. 

\  Minutes  of  Proceedings,  Inat.  C.  E.,  Vol.  cxxv,  1895-96,  pp.  343-262. 
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Mr.  Corthell.  The  Panuco  River,  which  flows  into  the  Gulf  of  Mexico  at  Tamiiico, 
is  one  of  the  largest  in  Mexico.  The  area  of  its  water-shed  is  about 
36  000  square  miles.  The  periodicity  of  its  floods  is  very  variable. 
Sometimes  there  is  a  period  of  3  to  5  years  between  them.  The  works 
at  the  mouth  of  the  river  consist  of  two  parallel  rectilinear  jetties,  1 000 
ft.  between  center  lines.  They  are  built  of  rough  stone,  with  a  founda- 
tion and  hearting  of  mattress  work.  The  depth  on  the  bar  about  one 
mile  from  the  shore  was  about  8  ft. 

The  works  were  jiushed  to  completion  with  great  rai)idity.  They 
were  completed  in  December,  1892.  Two  or  three  small  rises,  and  the 
tidal  flow  had  deepened  the  channel  to  about  17  ft. 

In  July,  1893,  a  heavy  rise  came.  It  found  its  usual  outlet 
partially  dammed— walls  on  the  sides  and  a  bar  between.  It  raised 
the  surface  of  the  water  at  least  2  ft.  at  Tampico,  7  miles  from  the 
Gulf;  but  the  force  brought  to  play  upon  the  bar  was  tremendous. 
Sloj)e  observations  made  during  the  rise — which  lasted  from  July  12th 
to  August  1st — showed  that  the  fall  of  the  surface  at  the  sea  end  of 
the  jetties  varied  from  about  0.5  to  2.75  ft.  per  mile.  The  velocity 
was  over  8  miles  jier  hour.  The  total  amount  of  material  scoured  out 
of  the  bar  and  discharged  into  the  sea  in  that  flood  was  1  201  985 
cu.  yds.,  in  addition  to  about  7  500  000  cu.  yds.  of  suspended  matter. 

The  "reaction"  upon  this  bar  by  these  forces  consisted  simply 
in  moving  a  great  volume  of  water  down  a  steep  slope;  it  acted 
vigorously  upon  the  bed  of  the  stream  and  swept  it  out  to  sea. 

Another  great  flood,  in  1895,  accomplished  the  same  results,  but  it, 
finding  a  deep  channel,  spent  its  force  in  widening  and  deepening  it 
the  entire  distance  between  Tampico  and  the  motith  of  the  river,  and 
restoring  the  sections  which  had  become  contracted  there  by  the 
deposit  of  sediment  in  the  floods  which  had  occurred  during  the 
construction  of  the  works. 

With  these  facts — and  similar  ones  from  other  works  might  be 
mentioned — let  the  reasons  for  such  satisfactory  results,  given  in 
discussing  the  writer's  paper  on  the  South  Pass  Jetties  and  the 
Galveston  harbor  plans,  be  stated  by  Mr.  Eads:* 

"The  Jetty  System  Explained. 

"  It  is  known  to  all  engineers  familiar  with  harbor  improvements, 
that  the  jetty  system  is  a  method  of  deepening  and  maintaining  a 
channel  across  a  shoal  by  such  works  as  shall  compel  the  water  flowing- 
over  the  shoal  to  pass  through  a  narrower  channel;  but,  as  this  paper 
will  be  read  by  some  who  are  not  familiar  with  harbor  improvements, 
I  will  be  pardoned  for  stating  the  following  elementary  principles 
Avhich  control  such  problems: 

''First. — A  current  is  caused  by  the  fall  of  water  from  a  higher  to  a 
lower  level,  which  fall  is  indicated  by  the  slope  or  inclination  of  the 
surface  of  the  water. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xv,  p.  284,  et  seq. 
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"  Seco7id. — Friction  of  the  bed  over  which  the  water  flows  is  the  Mr.  Corthell. 
chief  force  opposed  to  the  current. 

"  ThirfL— The  velocity  of  the  current  will  be  increased  by  either 
increasing  the  slope  of  surface  or  by  increasing  the  volume,  or  by  les- 
sening the  fi'iction. 

"  FoKvUt. — The  friction  increases  as  the  width  of  the  bed  increases; 
that  is  to  say,  if  the  bed  of  the  channel  be  twice  as  wide,  the  friction 
will  be  doubled;  if  its  width  be  reduced  one-half,  the  friction  will  be 
reduced  one-half. 

••F//}'//.— The  power  of  water  to  transport  sand  increases  with  the 
square  of  the  velocity. 

"As  every  grain  of  sand  that  lies  upon  the  shoal  is  brought  by  the 
current  and  left  there,  because  it  could  take  it  no  further,  it  follows 
that  we  cannot  hope  to  deepen  the  channel,  except  by  increasing  the 
current.  This  can  be  done  in  three  ways,  but  in  this  case  it  is  impos- 
sible to  do  it  (it  first,  except  by  increasing  the  slope  of  surface.  After 
the  cuiTent  is  increased,  deepening  commences,  and  as  the  contracted 
channel  enlarges,  the  slope  is  gradually  reduced  to  its  former  inclina- 
tion. When  this  occurs  the  old  rate  of  current  would  return,  but  the 
other  two  elements,  namely,  incredse  of  volume  and  diminished fricHon, 
then  continue  the  abnormal  acceleration.  As  the  deepening  goes  on  a 
reduction  of  slope  follows,  and  this  finally  reduces  the  velocity  so  much 
that  deepening  ceases.  The  slope  results  from  the  difference  of  the 
heights  of  the  water  in  the  Bay  and  the  Gulf.  To  facilitate  the  flow 
from  one  to  the  other,  by  leaving  openings  tlirongli.  the  jetties,  tends  to 
keep  these  heights  nearer  alike  and  the  resulting  slope  between  them 
must  then  he  less,  not  greater.  This  is  precisely  what  we  do  not  want 
at  first.  ******  -;'r  * 

"  Outlets  Theough  the  Jetties. 

"As  the  reader  may  not  at  once  perceive  the  mistake  of  leaving  these 
openings  to  facilitate  the  flow  into  the, bay,  I  will  explain  that,  in  a 
state  of  nature,  the  immense  frictional  surface  over  which  the  flood 
water  has  to  pass  in  filling  the  bay  retards  it  so  much,  that  the  tidal 
rise  in  the  Bay  at  Galveston  is  probably  10%  less  than  it  is  outside  of 
the  bar.  On  the  other  hand,  the  discharge  of  the  ebb  is  retarded  by 
the  same  cause,  making  the  total  rise  and  fall  just  inside  of  the  harbor 
probably  20%  less  than  it  is  at  the  same  depth  outside  of  the  bar. 

"  The  bottom  of  the  channel  is  composed  of  separate  grains  of  sand, 
without  the  slightest  cohesion  or  bond.  They  were  brought  here  by 
currents  and  left,  because  those  currents,  from  some  cause  or  other, 
became  too  feeble  to  carry  them  further.  Now,  the  reader  must  remem- 
ber, first,  that  a  current  depends  upon  the  slope  of  surface  of  the  water 
(not  upon  the  slope  of  the  bottom),  and  second,  that  the  excavating  or 
transporting  power  of  the  water  depends  upon  the  velocity  of  the  cur- 
rent. This  excavating  power  or  velocity  of  the  current  must  he  made 
greater  than  it  now  is  over  the  bar,  or  the  channel  cannot  be  perma- 
nently deepened  by  any  artificial  structures  known  to  the  science  of 
engineering.  And  yet  no  engineer  can  increase  this  velocity  perma- 
nently, as  will  soon  appear.  But  the  velocity  must,  nevertheless,  be 
increased,  or  these  masses  of  sand  composing  the  bar  cannot  be  ppvma- 
nenily  removed  How  can  the  velocity  of  a  current  be  increased  ?  In 
three  ways.  First,  by  increasing  the  slope  of  surf  ace,  which  is  the  cause 
(or  rather  the  exemjjlar  of  the  cause)  of  the  current.  Second,  by  lessen- 
ing the  frictional  resistance  of  the  bed.    Third,  by  increasing  the  volume 
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Mr.  Corthell.  or  mass  of  the  water.  We  cannot  avail  of  tliese  last  two  methods  at 
first,  but  after  we  shall  have  once  increased  the  velocity  by  permanent 
works,  these  two  last  means  will  then  ultimately  come  to  our  aid.  At 
first  we  have  absolutely  no  power  to  increase  the  velocity  of  current  but 
hj  increasing  the  slope  of  surf  ace.  These  slojjes  are  alternately  towards 
the  sea  and  from  the  sea,  accordingly  as  the  tide  fills  and  empties  the 
bay.  They  are  by  no  means  steep,  as  the  average  maximum  tides  are 
but  a  little  over  a  foot  high.  The  force  of  the  present  currents 
resulting  from  these  low  sloijes  cannot  overcome  the  force  of  gravity 
in  the  grains  of  sand  composing  the  bed  of  the  channel.  With  the 
l^resent  slopes,  volume  and  frictional  resistance,  the  equilibrium 
between  the  relociti/  or  transporting  force  of  the  current  and  the  force 
of  gravity  in  the  sand  is  reached  when  the  depth  of  13  ft.  occurs  on 
the  bar.  If  we  should  suddenly  deepen  the  channel  by  dredging,  it 
would  be  larger  than  Nature  demands  under  the  present  conditions. 
The  bay  would  then  fill  more  easily,  the  slopes  would  be  lower,  the 
velocity  less,  and  soon  after  the  dredging  ceased,  the  enfeebled  current 
would  drop  its  burden  of  sand  in  the  enlargement,  and  restore  the 
j)resent  depth.  On  the  other  hand,  if  we  could  suddenly  drop  a  million 
tons  of  sand  in  the  channel,  and  reduce  the  depth  a  few  feet,  what  would 
occur?  The  bay  woiild  not  fill  so  rapidly,  and  steeper  slopes  woiild 
occur  in  consequence.  These  would  create  greater  current  velocities, 
and  the  removal  of  the  obstruction  would  be  efi'ected  in  a  little  while; 
and,  with  the  recovery  of  the  13  ft.,  the  bay  would  fill  more  easily, 
the  slojies  would  diminish,  and  the  former  velocities  of  current  would 
be  restored.  The  slope  results  from  the  difference  of  level  between 
the  surfaces  of  the  Gulf  and  the  Bay.  Any  one  can  see  that  the  more 
freely  the  water  can  flow  from  one  to  the  other,  the  less  difference  will 
there  be  between  the  heights  of  their  resjDective  surfaces,  and,  conse- 
quently, the  less  will  be  the  slope  of  surface  through  the  channel  be- 
tween them,  and  the  less  will  be  the  current  velocity.  This  is  certainly 
the  very  opposite  of  what  tre  must  hare  to  produce  deepening.  We 
miist  have  more  rajjid  currents,  and  nothing  but  steeper  slopes  will 
produce  them.  Hence  it  is  evident  that  large  openings,  and  a  freer 
communication  with  tbe  bay  through  them,  and  over  low,  submerged 
jetties,  are  precisely  what  we  do  not  want. 

"  Let  us  suppose  that  jetties  were,  at  mean  tide,  suddenly  placed 
across  the  bar,  3  000  ft.  apart,  and  extended  from  30  ft.  depth  inside 
to  30  ft.  depth  outside,  and  were  so  high  and  tight  that  all  the  Avater 
which  passes  in  or  out  of  the  bay  is  compelled  to  pass  through  them. 
When  the  tide  rises  it  will  be  impossible  for  the  bay  to  fill  as  fast  as 
before.  The  tide  outside  rising  only  to  its  normal  height  will  produce 
a  steej)er  slope  through  the  jetty  channel  than  existed  in  that  locality 
before,  because  the  surface  of  the  bay  must  be  lower,  as  it  will  have 
been  deprived  of  a  large  part  of  its  normal  volume  of  the  flood.  This 
steeper  slope  will  produce  a  more  rapid  current  into  the  bay,  over 
sands  which  are  only  quiescent  under  the  present  velocity.  If  this 
slope  increases  that  velocity  from  3  to  4  miles  per  hour,  which  is  not 
an  unreasonable  supi^osition,  the  transporting  jjower  of  the  wat§r  will 
be  increased  from  9  units  to  16  units.  Wherever  through  this  jetty 
channel  the  depth  is  least,  there  will  the  ciirrent  be  most  rapid.  Hence 
the  inflow  through  it  Axdll  have  the  effect  of  cutting  down  the  high 
l^arts  of  the  bottom  first,  and  transporting  these  sands  into  the  deeper 
places.  In  a  few  hours  this  whole  process  is  reversed,  and  a  steeper 
slope  than  before  will  exist  in  the  opposite  direction,  and  the  sands  of 
this  contracted  channel  will  be  swept  out  to  the  sea,  and  will  there  be 
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distributed  bv  littoral  currents  or  sea  waves,  out  of  the  way  of  the  out-  Mr.  Corthell. 

flow  from  the  jetties.     Of  course,  the  greatest  increase  of  slope  will 

only  occur  at  first,  and  at  the  highest  and  lowest  periods  of  the  tide;  but 

as  the  channel  deepens  the  volume  increases,  and  the  ratio  of  friction  to  volume 

decreases,  hence  lower  slopes  will  then  produce  equally  rapid  currents. 

Therefore  the  bay  will  ultimately  fill  more  and  more  quickly,  and 

these  abnormal  currents  will  be  thus  toned  down  rintil  the  deepening 

ceases  and  a  new  condition  of  stable  equilibrium,   or  what  engineers 

call  "  a  new  regimen,"  is  estaldished  between  the  maximum  velocity  of 

the  current  and  the  force  of  gravity  in  the  sand.      When  this  is  reached 

it  will  be  found  that  the  tidal  movement  in  the  harbor  conforms  more 

nearly  to  the  rise  and  fall  in  the  Gulf,  both  in  height  and  time,  and 

that  the  slopes  are   loiver  than  at   present.     Because   the    deepening 

of  the  channel  will   continiie  until  the  bay  will  again  receive  all  of 

the  water  due  to  the   difference   in   the   tidal  movement,  and  to  the 

normal   slopes    of  surface    occurring  between  the   alternating  levels 

of  bay  and  sea  through  this  deep  channel,  and  as  the  friction  which 

now  retards  the  entry  and  exit  of  the  water  will  be  greatly  reduced 

through  it,  a  correspondingly  increased  quantity  of  water  will  enter 

the  bay. 

"Any  excessive  increase  of  tide  caused  by  winds  will  have  theelfect 
of  permanently  increasing  the  dejith  of  this  jetty  channel,  and  of  making 
it  more  capable  of  discharging  such  excessive  quantities  of  water  again. 
By  such  abnormal  causes  the  channel  will  be  so  deepened  that  the  cur- 
rents from  ordinary  tides  will  not  be  sufficient  to  disturb  its  bottom. 
The  greatest  work  of  excavation  is  done  when  the  velocities  are  greatest. 
The  channel  with  high  jetties  extending  out  to  deep  water  would  get 
no  accessions  of  sand,  and  the  depth  would  be  permanent.  It  must  be 
ajjparent,  from  this  explanation,  that  the  object  sought  by  these 
officers,  nsivaelj,  fujiUfatiia/  the  inftoui  of  the  tide  into  the  Bays  at  Gal- 
veston, Chai'lestou,  Sabine  Pass,  etc.,  by  leaving  openings  through  the 
jetties  near  the  shore,  is  precisely  the  way  not  to  do  what  they  want  to 
accomplish.  Besides  losing  through  them  the  most  important  agent  for 
deeiaening  the  channel — the  ebb  tide — they  will  admit  into  the  channel 
all  of  the  sand  which  the  sea  waves  can  bring.  Submerged  jetties  simply 
aggravate  the  evils  caused  by  these  openings.  They  really  extend  the 
openings  over  the  entire  length  of  the  jetty.  They  prevent,  by  increased 
friction,  the  rapid  inflow  to  fill  the  bay;  they  jjermit  the  loss  of 
the  ebb  tide,  and  thus  lessen  the  force  that  should  be  applied  to  deepen 
the  channel;  and  they  allow  the  waves  to  transport  sand  over  them 
into  the  channel.  Oiaenings  and  submerged  jetties  are  therefore  an 
inexcusable  violation  of  the  very  essence  of  the  jetty  system." 

There  are  some  other  serious  objections  to  the  single-jetty  plan  at 
Aransas.  There  is  no  concentration  of  the  ebb-tide  flow  to  make  and 
maintain  a  deej)  and  wide  channel.  There  may  be  a  narrow,  curved 
channel  along  the  concave  side  of  the  work,  but  between  that  and  the 
outlet  at  Mustang  Island  there  is  always  likely  to  be  a  troublesome 
shoal  due  to  the  reversion  point  of  the  current  previously  referred  to. 
And  beyond,  at  the  sea  end  of  the  curved  jetty,  there  is  always  likely 
to  be  a  shoal  bar  for  want  of  a  strong  issuing  current  to  sweep  it  away. 
Again,  the  channel  throughout  its  whole  length  along  the  curved  break- 
water is  exposed  to  the  sudden  and  serious  influx  of  sand  at  any  time 
by  southerly  storms. 
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Mr.  Corthell.  In  the  case  of  the  South  Pass  and  Tampico  Jetties,  the  bars  in 
the  sea  are  swept  by  currents  passing  across  the  ends  of  the  jetties. 
The  winds  and  storms  from  the  southeast  at  the  former,  and  the 
"Northers  "  at  the  latter,  raise  the  surface  of  the  water  in  the  angle 
formed  by  the  East  and  North  Jetties  and  the  shore  line  and  produce 
a  strong  current  around  the  windward  jetty  and  across  the  fore  shore 
of  the  sea  bar,  wearing  it  away  and  thiis  retarding  its  growth.  There 
is  no  such  force  to  rely  upon  at  Aransas,  for  the  wide  opening  between 
the  land  and  the  breakwater  will  prevent  it. 

This  discussion  is  not  uj)on  a  subject  unfamiliar  to  the  writer. 
He  was  the  chief  engineer  of  the  jjroject  for  two  years  during  its  in- 
ception, had  charge  of  the  matter  when  the  charter  was  obtained  from 
Congress  in  1890,  and  made  plans  and  estimates  of  the  works,  which 
consisted  of  two  parallel,  rectilinear  jetties.  He  is  confident,  from  his 
experience  elsewhere  and  knowledge  of  the  conditions  at  Aransas,  that 
his  i^lans,  if  carried  out,  would  have  given  immediately  a  channel  26 
ft.  deej}  and  at  least  200  ft.  wide  at  that  depth,  which  could  have  been 
maintained  easily  by  keeping  up  the  works,  and  without  resort  to 
dredging. 

It  remains  to  call  attention  briefly  to  tbe  closing  i^aragraph  of  the 
author's  appendix,  in  which,  after  making  an  erroneous  statement 
about  the  eifects  of  the  recent  floods  at  the  Brazos,  he  says: 

"  Thus  demonstrating  the  relative  superiority  of  the  principle  of 
reaction  by  a  single  jetty,  as  applied  at  Aransas,  to  that  of  concentra- 
tion by  twin  jetties  at  the  Brazos  River  bar." 

Let  the  writer  say,  first,  there  is  no  sort  of  comparison  between  the 
conditions  at  the  two  jolaces.  At  Aransas  there  is  simply  a  clean,  salt- 
water, tidal  connection  between  the  Gulf  of  Mexico  and  a  group  of 
bays— Aransas  Bay  with  81J  square  miles  connected  with  Misquete,  St. 
Charles,  Copano  and  Corpus  Christi  Bays,  which  together  have  an  area 
of  273 J  square  miles.  At  the  Brazos,  there  is  a  great,  turbulent, 
muddy  river  in  times  of  flood,  1  000  miles  long,  flowing  through  a 
clayey  country,  and  in  floods  vomiting  its  engorgement  out  upon  the 
Giilf ;  with  no  tidal  reservoir  whatever,  except  what  exists  in  a  narrow 
river  not  over  400  ft.  wide. 

At  Aransas,  the  normal  depth  on  the  bar  was  about  9  ft.  At  the 
Brazos,  when  the  works  were  begun,  there  was  a  straggling  channel  of 
5  ft.,  which  had  to  be  crossed  by  the  East  Jetty.  The  depth  on  the 
bar  between  the  jetty  lines  was  only  1.5  ft.  Still,  these  works,  though 
never  completed  or  consolidated,  due  to  financial  reverses  by  the 
financiers  of  the  pi'oject  and  for  reasons  outside  of  this  project, 
deepened  the  bar  and  made  a  channel  straight  to  sea,  which,  in  1896,  had 
a  depth  of  over  20  ft.  at  average  flood  tide,  the  plane  of  reference  used. 

The  author  states: 

"Apropos  of  the  severe  floods  in  the  basin  of  the  Brazos  River, 
Texas,  in  July,  it  was  exj^ected  that  the  larger  volume  discharging 
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with  greater  velocity  over  the  bar  at  its  mouth  between  parallel  jetties  Mr.  Corthell. 
would  materially  improve  the  depth.     On  the  contrary,  the  soiindings 
show  but  15  ft.  m  several  places." 

The  author  was  misinformed;  for  the  writer  communicated  with  the 
Avorks  and  ascertained  the  following  from  the  engineer  and  superin- 
tendent of  the  railroad  and  terminal: 

"  October  3d,  1899,  Yelasco,  Texas. 

"Letter  just  received.  First  part  rise  deepened  channel  imme- 
diately outside  jetties  to  23  ft.,  mean  low  water.  Latter  part  shoaled 
same  place  to  15  ft.  in  one  small  place,  but  deejjened  again  to  16.5  ft. 
within  two  weeks;  now  18  ft.  Very  marked  improvement  in  river 
channel  from  Velasco  to  and  through  jetties.  Never  such  depth  water 
before;  no  harm  to  jetties.  Bar  entirely  outside  jetties.  Now  channel 
deejjer  and  wider  in  fi-ont  of  jetties  than  ever. 

"  E.   D.  DOKCHESTEK." 

The  writer  also  communicated  with  Mr.  William  H.  Coolidge,  the 
attorney  of  the  Reorganization  Committee,  in  Boston,  which  has  general 
charge  of  the  property,  and  the  following  was  received  from  him : 

"  My  instructions  from  Velasco  have  been  to  the  eflPect  that  almost 
without  exception  the  flood  removed  bars,  etc.,  so  that  there  was  a 
clear  entrance  drawing  at  least  18  ft.,  and  with  a  very  slight  amount 
of  work  the  depth  would  be  22  or  23  ft.  With  two  or  three  very  slight 
exceptions,  the  water  was  more  than  20  ft.  deep.  The  Government 
having  taken  charge  of  this  property,  I  am  told  that  a  very  few  days 
of  dredging  will  allow  vessels  to  enter  drawing  23  or  24  feet." 

The  w^riter's  original  report,  made  after  one  had  been  made  by  the 
Government  Engineer  to  the  effect  that  10  ft.  as  a  maximum  might  be 
maintained  by  jetties  with  a  maintained  channel  of  6  ft.  only;  and  that 
the  .^140  000,  already  expended  by  the  Government  without  result, 
should  not  be  supplemented  by  any  additional  amount,  gave  the 
opinion  that  a  channel  20  ft.  deep  could  be  obtained  and  maintained 
by  properly  constructed  jetties.  He  still  believes  this  can  be  done, 
notwithstanding  the  unfortunate  financial  history  of  the  work,   the  * 

delays  in  construction  and  the  inability  of  the  company  to  complete 
the  works  at  the  time. 

Henky  L.  Makindin,  M.  Am.  Soc.  C.  E.    (by  letter).— The  method  Mr.  Marindin. 
of  improvement  designed  by  Professor  Haupt  for  Aransas  Pass  pre- 
sents three  prominent  features,  the  most  important  of  which,  in  the 
writer's  estimation,  is  the  '-reaction  principle  "  as  shown  in   the  cur- 
vature given  to  the  breakwater. 

The  i^rinciple  is  based  upon  the  well-known  effect  produced  by 
flowing  water  in  the  concave  bend  of  a  stream  where  the  impingement 
of  the  current  causes  greater  depth  than  in  any  other  part  of  the  cross- 
section,  and,  indeed,  greater  than  in  the  straight  reach. 

The  frequency  with  which  running  water  flows  in  curves  would 
seem  to  amount  to  a  law  of  flowing  streams,  and  this  is  nowhere  illus- 
trated better  than  in  the  case  where  the  stream  is  free  to  carve  out  its 
own  bed,  as  in  the  Lower  Mississippi;  there  the  regimen  lies  in  cur- 
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Mr.  Marindin.  vatiire,  and  it  is  only  when  this  curvatiire  becomes  excessive,  and 
offers  too  much  resistance  to  the  flow,  that  during  some  period  of 
flood  stage  the  water  takes  a  straight  course— in  the  line  of  least 
resistance— across  the  more  or  less  narrow  neck  of  land  separating  it 
from  the  reach  below — making  what  is  known  there  as  a  "cut-off;" 
but  this  remedy  is  as  much  a  violation  of  the  regimen  in  one  direction 
as  the  excessive  curvature  of  the  bend  which  caused  it  was  in  the 
ojaposite  direction.  The  stream  almost  immediately  proceeds  to  form 
another  bend. 

That  it  is  not  the  mere  velocity  of  current  which  induces  erosion 
of  the  bottom  of  a  channel  must  be  acknowledged  by  witnessing  so 
many  instances  where,  in  one  case,  a  stronger  ciirrent  fails  to  produce 
erosion  of  the  bottom,  and  m  the  other  case,  with  the  bottom  com- 
posed of — to  all  appearance — similar  material,  a  weaker  current  main- 
tains greater  corresponding  depths. 

The  New  York  Narrows  is  off'ered  by  Professor  Haupt  as  an  illus- 
tration in  point,  and  is  an  apt  one  so  far  as  that  a  great  dej^th  of  100 
ft.  seems  to  be  maintained  by  the  comparatively  low  mean  velocity  of 
2  ft.  per  second.  There  are  instances  where  greater  mean  velocities 
fail  to  maintain  lOj^o  of  the  depth  found  in  the  Narrows. 

The  explanation  offered  by  Professor  Haupt  for  the  great  depth  in 
New  York  Narrows  is  that  a  resultant  force  is  produced  by  the  flood 
stream  flowing  up  on  the  bottom  for  eleven  hours  out  of  the  twelve, 
indicating  a  huge  vertical  eddy.  That  may  be  the  true  explanation, 
but,  in  that  connection,  the  writer  may  be  permitted  to  ask  if  he  has 
not  misunderstood  the  report  from  which  the  statement  is  taken? 
Seven  hours  out  of  twelve  would  be  more  in  accord  with  what  has  been 
observed  in  other  parts  of  the  harbor. 

The  flood  current  has  been  observed  to  flow  up  on  the  bottom,  at 
the  mouth  of  the  Hudson,  for  2|  hours  before  the  ebb  current  had 
ceased  to  flow  at  the  surface. 

It  has  also  been  held  that  if  both  ebb  and  flood  currents  could  be 
made  to  follow  the  same  path  or  channel,  although  in  opposite  direc- 
tions, the  problem  of  improving  the  depth  of  outlets  would  be  near  a 
solution.     This  is  seemingly  the  condition  at  New  York  Narrows. 

The  configuration  of  the  shores  at  Aransas  Pass  seemed  fitted  for  a 
"  comj)ound  and  reverse-curve  breakwater."  The  position  of  the  con- 
cave shore  of  Mustang  Island  made  the  convex  part  of  the  breakwater 
opposite  to  it  possible,  or,  perhaps,  better  fitted  than  a  straight  jetty 
would  have  been,  and,  as  the  thalweg  is  found  close  to  the  shore,  with 
ample  depth,  it  only  remained  for  this  part  of  the  breakwater  to  arrest 
any  encroachment  upon  the  channel  from  the  north  and  east.  Farther 
down,  the  reaction  principle  becomes  ojjerative  until  the  deeper  water 
is  reached,  beyond  the  bar. 

It  is  not  clear  to  the  writer's  mind  wherein  Professor  Haupt  has 
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l?rovidecl  for  meeting  the  requii-ement  stated  in  his  seventh  specifica-  Mr.  Marindiu. 
tion,  viz. : 

"It  (the  breakwater)  should  not  promote  the  growth  of  the  bar 
seaward  by  the  deposit  of  material  removed  from  the  channel  on  the 
outer  slope  of  the  bar." 

If  material  is  being  moved  by  storm  waves,  some  of  it  will  find  its 
way  past  the  outer  end  of  the  breakwater,  and  any  material  held  in 
suspension  or  rolled  along  by  the  ebb  on  the  bottom  of  the  channel 
will  be  deposited  in  front  of  the  outlet,  no  matter  what  form  shall  have 
been  given  to  the  end  of  the  breakwater. 

The  writer  does  not  know  how  mvich  or  how  little  sediment  is 
broiight  down  by  the  ebb  out  of  the  Pass,  but  if  any  amount  is  being 
carried,  and  a  bar  tends  to  form  in  front  of  the  present  ciirved  end  of 
the  breakwater,  an  extension  in  continuation  of  the  curve  coiild  not 
be  continued  for  any  great  distance,  for  obvioiis  reasons;  and  a  reverse 
curve  would  be  detrimental  to  the  reaction  theory,  without  transferring 
the  reaction  principle  over  a  "  crossing  "  to  another  concave  break- 
water located  on  the  south  side  of  the  channel.  Such  a  crossing  means 
the  formation  of  a  middle  groimd,  with  decreased  channel  depth. 

The  second  important  feature  in  this  improvement  lies  in  having 
provided  a  wide  gap  at  the  shore  end  of  the  breakwater  for  the  free 
Ijassage  of  the  flood  tide,  to  fill  the  tidal  reservoirs  above  the  Pass,  at 
a  point  which  is  not  occupied  by  any  considerable  ebb  stream,  the 
strength  of  the  ebb  occupying,  as  it  does,  the  concave  shore  of  Mustang 
Island. 

It  is  evident  that  where  the  working  power  of  the  ebb  depends 
largely  upon  the  drain  of  flood-tide  waters,  works  of  imi^rovement 
should  be  so  designed  and  constructed  as  to  offer  the  least  obstacle  to 
the  free  access  of  the  flood  tide;  under  these  conditions  the  building  of 
continuous  parallel  or  convergent  jetties  would  be  a  mistake. 

The  third  prominent  feature  is  the  location  of  the  single  curved 
breakwater  on  the  side  of  the  Pass  from  which  may  be  expected  the 
most  violent  movement  of  material,  or  that  due  to  a  littoral  drift.  The 
determination  of  this  location  should  be  based  upon  accurate  and  reli- 
able information,  i^reviously  obtained,  as  to  the  direction  and  strength 
of  flood,  the  direction  and  volume  of  drifting  sands  or  other  material 
caused  by  prevailing  winds  and  storm  waves  or  by  any  littoral  current. 
Professor  Haupt  disclaims  having  sought  or  secured  any  of  these  data, 
preferring  the  study  of  the  topographic  and  hydrographic  features 
shown  on  jjublished  charts,  supplemented,  as  it  must  be,  by  the  intui- 
tion of  the  engineer.  This  is  well,  if  success  follows  it,  but  the  writer 
is  sure  that  the  majority  of  engineers  would  prefer  to  have  numerical 
data  before  them  to  mix  with  all  the  intuitive  knowledge  they  may 
possess. 

An  analysis  of  the  systems  of  parallel  or  convergent  jetties  and  of 
Professor  Haupt's  system,  as  applied  to  Aransas  Pass,  shows  them  to 
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Mr.  Mai-iudin.  be  radically  diiferent.  The  application  of  the  single  "  Keaction  Break- 
water" seems,  from  the  results  noted  in  the  paper,  to  have  been  jaar- 
ticularly  successful  in  a  very  short  time,  notwithstanding  the  exist- 
ence of  an  old  rock  jetty  directly  in  its  path  and  removed  only  in  jiart. 
But  the  same  system  applied  to  South  Pass  or  to  South  West  Pass 
would  prove  a  failure.  In  both  of  these  cases  the  conservation  of  the 
energy  of  the  current  which  obtains  between  their  parallel  shores  and 
its  maintenance  as  far  as  the  bar,  is  necessary,  not  only  to  erode  the 
bar,  but  to  convey  the  millions  of  tons  of  solid  matter,  held  in  suspen- 
sion and  rolled  along  the  bottom,  far  out  into  the  deep  water  in  front  of 
the  delta,  where  the  rebuilding  of  the  bar  woiild  be  a  very  slow  pro- 
cess, retarded  by  the  action  of  any  littoral  current  existing  there. 
Parallel  and  continuous  jetties  are  necessary  to  secure  these  results, 
and  prevent  the  sjjilling  of  the  currents  laterally. 

The  same  condition  confronted  the  engineer  at  the  mouth  of  the 
Brazos,  and  it  may  be  said,  parenthetically,  that  the  present  jetties  in 
their  incomplete  state  have  secured  within  their  limits  as  great  depths 
as  are  found  in  the  river  a  mile  or  two  above  the  mouth. 

The  writer  has  endeavored  to  show  in  the  foregoing  remarks 
that,  notwithstanding  the  success  which  has  attended  the  single 
jetty,  parallel  jetties  are  justifiable  and  necessary  under  certain  con- 
ditions. 
Mr.  Wisner.  Geokge  Y.  Wisnee,  M.  Am.  Soc.  C.  E.  (by  letter). — The  peculiar 
nature  of  the  reports  made  by  the  Board  of  Engineers  on  Ai-ansas  Pass, 
in  November,  1897,  and  December,  1898,  together  with  the  fact  that 
the  expenditure  of  large  ajjpropriations  will  soon  be  required  for  the 
improvement  of  other  harbors  whei-e  the  conditions  are  similar  to  those 
at  Aransas  Pass,  make  the  paper  jiresented  by  Professor  Haupt  very 
apropos  at  the  present  time. 

The  harbors  on  the  Gulf  Coast  are  of  two  distinct  types,  each  of 
which  requires  radically  different  treatment  in  order  to  secure  satis- 
factory results.  The  Mississippi  River,  the  Brazos  River  and  the 
Panuco  River,  at  Tampico,  are  all  heavy  silt-bearing  streams  during 
times  of  high  water,  and,  if  not  controlled  by  tight  jetties  so  as  to 
maintain  the  full  velocity  of  flow  until  discharged  across  the  bar  into 
the  littoral  current  outside,  a  deposit  of  silt  will  occur  and  produce 
shoals  instead  of  deejiening  the  channel  as  generally  expected.  The 
strong  currents  of  these  rivers  at  flood  stages  are  alone  to  be  depended 
upon  to  produce  scour  in  the  channels,  and  all  arrangements  designed 
for  securing  tidal  effect  are  not  only  useless,  but  tend  to  decrease  the 
velocity  of  the  silt-laden  current,  and  thereby  cause  shoals  by  deposit- 
ing silt. 

At  the  entrances  of  tidal  harbors,  reversed  conditions  exist,  and  the 
erosive  force  required  to  deepen  the  channels  must  be  obtained  by 
accumulating  vast  quantities  of  water  in  the  tidal  reservoir,  during  the 
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flood  stages  of  the  tide,  and  concentrating  the  discharge  along  the  axis  Mr.  Wisner. 
of  the  required  channel  lines  during  ebb  tide. 

Unfortunately  for  the  success  of  many  of  the  improvements 
attempted,  the  designers  of  the  structures  conceived  the  idea  that 
works  which  had  jaroduced  beneficial  results  at  other  harbors  must 
necessarily  be  the  proper  remedy  to  apply.  The  result  has  been  that 
millions  of  dollars  have  been  expended  on  jetties  which  have  been  of 
absolutely  no  use,  except  to  form  breakwaters  for  the  protection  of 
dredged  channels.  One  of  the  most  serious  difficulties  which  the 
designers  of  such  works  have  apjiarently  feared  was  that  such  strong 
tidal  currents  would  be  generated  that  the  structures  would  be  in  con- 
stant danger  of  being  destroyed,  and,  to  avoid  such  a  catastrophe,  the 
jetties  have  invariably  been  located  from  2  000  to  7  000  ft.  apart. 

Generally  sj^eaking,  no  deepening  of  channels  has  resulted  from 
such  construction,  and  whatever  deeper  channels  now  exist  at  these 
harbors  have  been  secured  by  subsequent  dredging. 

At  Galveston,  with  jetties  7  000  ft.  apart,  the  dredged  channel 
across  the  bar  is  from  500  to  1  000  ft.  wide,  and  at  Sabine  Pass,  where 
the  jetties  are  2  000  ft.  apart,  the  dredged  channel  is  only  about  200  ft. 
wide,  and  shows  no  indication  of  increasing  depth  or  width  from  tidal 
action.  In  spite  of  these  repeated  failures,  the  1897  Board  of  Engin- 
eers not  only  endorsed  the  1888  project  for  jetties  2  000  ft.  ajjart  at 
Aransas  Pass,  but  condemned  the  unfinished  curved  jetty  as  worthless 
to  the  Government,  and  as  an  obstacle  to  future  improvements,  when 
their  own  published  charts  show  beyond  question  that  the  results  jare- 
dicted  for  the  enterprise  would  be  realized  at  once  upon  the  removal 
of  the  old  curved  jetty,  which  the  predecessors  of  the  Board  located, 
unfortunately,  on  the  wrong  side  of  the  Pass. 

In  the  repoi't  of  December,  1898,  the  Board  recommends  that  the 
outer  1  000  ft.  of  the  curved  breakwater  be  removed,  and  that  an  exten- 
sion be  built  on  a  line  about  25°  to  the  north  of  the  present  location, 
making  an  angle  with  the  direction  of  flow  which,  it  is  safe  to  say,  the 
currents  would  never  follow.  With  a  channel  from  15  to  23  ft.  deep, 
already  obtained  by  the  incomplete  works  now  in  place,  it  is  hard  to  con- 
ceive why  such  structures  should  be  removed,  and  be  replaced  by  others 
which  have  been  proven  to  be  failures  at  other  ports,  where  the  con- 
ditions were  similar,  especially  as  the  estimated  cost  is  three  times 
that  necessary  to  obtain  a  20-ft.  channel  by  the  completion  of  the 
works  built  by  the  Aransas  Pass  Harbor  Company. 

While  it  is  true,  as  stated  by  the  author,  that  parallel  jetties  are 
not  well  adaj)ted  for  securing  tidal  scour  at  the  entrance  of  tidal 
harbors,  it  is  equally  true  that  a  single  curved  jetty  at  the  mouth  of 
a  silt-bearing  river  would  not  only  fail  to  produce  a  good  entrance 
channel,  but  would  not  maintain  it  if  obtained  by  dredging  or  other 
methods.     The  case  mentioned,  where  the  flood  in  the  Brazos  River 
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Mr.  Wisner.  failed  to  deepen  the  channel,  is  a  direct  proof  of  the  principle  involved, 
and  was  the  result  expected  by  those  familiar  with  the  situation. 

The  jetties  at  the  mouth  of  the  Brazos  River  have  never  been  com- 
lileted  so  as  to  maintain  a  full  velocity  of  flow  until  the  silt-laden 
water  is  discharged  into  the  deep  water  of  the  littoral  current  outside 
the  bar,  and,  therefore,  in  times  of  heavy  floods  a  portion  of  the 
sediment  is  dropped  at  the  point  where  the  river  current  is  slackened. 
The  experience  at  the  mouth  of  the  Mississippi  and  Brazos  Rivers 
indicates  clearly  that  single  jetties,  no  matter  what  their  shape,  would 
not  maintain  navigable  channels  at  the  entrances  of  those  harbors. 

To  every  careful  investigator  of  the  physical  conditions  at  the 
entrances  of  Gulf  harbors,  there  is  plenty  of  evidence  of  the  kind  of 
remedy  which  should  be  applied  to  secure  any  reasonable  improve- 
ments of  the  channels.  The  littoral  current  is  a  controlling  force, 
which  is  certain  to  cause  either  success  or  failure,  according  to 
whether  i^roperly  utilized  or  not. 

At  the  mouths  of  silt-bearing  streams,  the  suspended  matter  must 
be  carried  entirely  from  in  front  of  the  entrance  before  being  deposited 
by  a  change  in  the  velocity  of  the  river  current,  and  the  shore  drift 
must  be  prevented  from  entering  the  channel;  two  conditions  which 
necessitate  the  construction  of  jetties  on  each  side  of  the  entrance,  to 
deep  water  on  the  outside  of  the  bar.  The  action  of  the  littoral 
current  in  flowing  past  any  system  of  jetties  is  to  pile  up  the  sand 
drift  in  the  angle  of  the  shore  and  jetty  on  the  windward  side,  and 
produce  an  eddy  on  the  lee  side  of  the  entrance. 

On  the  Gulf  Coast,  the  resultant  of  the  littoral  current  is  from  the 
northeast  to  the  southwest,  and  in  the  case  of  sediment-bearing  rivers 
the  eddy  biiilds  up  immense  shoals  to  the  westward  of  the  entrance,  and 
at  tidal  harbors  causes  a  reverse  current  along  the  shore  to  the  west- 
ward of  the  jetties,  which  in  connection  with  wave  action  may  cause 
great  damage  by  erosion. 

This  shore  current,  caused  by  the  eddy  to  the  westward  of  the 
jetties,  has  in  cei*tain  instances  led  observers  to  believe  that  the  littoral 
current  was  from  the  west. 

At  Galveston,  the  erosion  of  the  city  front  from  this  cause  has  been 
so  extensive  that  suits  have  been  started  in  the  Court  of  Claims  to 
recover  comi^ensation  for  the  damages  caused  by  the  construction  of 
the  jetties  at  the  harbor  entrance. 

If  the  curved  jetty  designed  for  the  improvement  of  Galveston 
Harbor,  in  1883,  by  H.  C.  Ripley,  M.  Am.  Soc.  C.  E.,  had  been 
adopted,  it  would  unquestionably  have  produced  a  deep  channel 
across  the  bar  with  a  saving  of  several  million  dollars  in  the  cost  of  the 
imi>rovement,  and  would  have  shifted  the  eddy  caused  by  the  littoral 
current  far  enough  eastward  to  have  caused  but  little  erosion  along 
the  citv  front. 


DISCUSSION    ON    REACTION    BREAKWATER.  515 

The  construction  of  jetties  at  Aransas  Pass  will  produce  an  eddy  Mr 
effect  similar  to  that  developed  by  tlie  structures  at  the  entrance  of 
Galveston  Harbor,  and,  if  two  jetties  are  built  out  to  deep  water,  the 
west  end  of  Mustang  Island  will  be  eroded,  whereas,  if  only  a  single 
curved  jetty  be  constructed  on  the  north  side  of  the  channel,  the 
center  of  the  eddy  will  be  shifted  eastward,  and  the  reverse  current 
will  combine  with  the  ebb  currents  at  the  outer  end  of  the  channel. 
A  short  spur  will  be  a  necessity  at  the  west  side  of  the  Pass  to  prevent 
the  reverse  current  from  the  littoral  eddy  carrying  sand  into  the 
channel.  This  spur  should  be  built  above  high  water  as  far  out  as 
the  wreck  Mary,  and  will  tend  to  limit  the  action  of  the  eddy  and 
diminish  erosion  on  the  front  of  Mustang  Island. 

One  of  the  most  interesting  instances  of  parallel  jetties  producing 
the  opposite  elfect  to  that  expected  is  that  at  Cumberland  Sound.  Ga., 
where  the  accumulation  of  drift  between  jetties  3  900  ft.  apart  became 
such  that,  in  1895,  the  channel  shifted  across  the  south  jetty,  and  it 
became  necessary  to  remove  a  portion  of  that  jetty,  to  prevent  the  port 
of  Fernandina  from  being  completely  closed. 

It  became  evident,  in  1890,  that  such  a  result  was  likely  to  be 
obtained,  and  O.  M.  Carter,  M.  Am.  Soc.  C.  E. ,  Captain,  Corps  of 
Engineers,  U.  S.  A.,  the  local  engineer  in  charge  of  the  improvement, 
recommended  that  the  project  for  jDarallel  jetties  be  abandoned,  and 
that  a  single  curved  jetty  be  constructed  on  the  north  side  of  the 
entrance,  to  shut  out  the  sand  drift  from  the  north  and  guide  the 
tidal  flow  across  the  bar  on  the  line  best  adapted  for  maintaining  a 
channel  with  natural  forces. 

The  deadly  wisdom  of  the  engineer  board,  whose  consideration  of  a 
few  hoiirs  outweighs  the  conclusions  of  the  resident  engineer  who  gives 
years  of  study  to  the  conditions,  proved  fatal  to  the  project. 

There  has  been  $1  787  000  expended  on  the  work,  which  has  in  no 
way  imjjroved  the  entrance  to  the  harbor.  A  continuous  appropriation 
was  made  by  Congress  in  1896,  to  complete  this  project,  of  which  over 
$1  5li0  000  remains  unexijended. 

It  will  be  interesting  to  note  how  this  vast  amount  of  money  is  to  be 
expended,  especially  as  the  engineer  boards  which  have  considered  the 
jjroblem  at  various  times  have  practically  admitted  that  the  improve- 
ment was  a  failure,  but  did  not  have  the  courage  to  "advise  any 
radical  change  in  the  general  location  of  the  jetties  as  originally 
proposed." 

The  conditions  at  Cumberland  Sound  are  practically  similar  to 
those  on  the  Gulf  Coast,  except  that  the  rise  of  the  tide  is  about  three 
times  that  at  Arausas  Pass;  and  there  is  no  reason  why  a  single  jetty 
would  not  produce  as  beneficial  results  as  at  the  latter  place,  where  an 
incomplete  structure  has  deepened  the  channel  from  8  to  18  ft.  in  a  few 
months. 
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Mr.  Wisner.  Particiilar  attention  is  called  to  the  fact  that  the  breakwater  at 
Aransas  Pass  was  constructed  under  the  plans  of  the  consulting 
engineers,  without  causing  the  bar  to  be  pushed  seaward  the  slight- 
est measurable  amount,  an  achievement  which  has  never  been  accomp- 
lished at  any  other  port  on  the  Gulf  Coast. 

The  action  of  erosive  and  bar-forming  currents  has  been  quite 
fully  observed  by  the  engineers  who  have  had  the  actual  charge  of 
harbor  construction  on  the  Gulf  Coast,  and,  while  the  results  have  not 
been  jjublished  in  the  official  reports,  many  of  the  facts  have  been  dis- 
cussed in  the  Transactions  of  this  Society,  and  it  is  hoped  that  this 
paper  wiU  make  the  record  still  more  complete. 

So  far  as  the  writer  is  able  to  judge,  these  observations  have  estab- 
lished quite  fully  the  following  conditions  and  principles  pertaining 
to  harbors  on  the  Gulf  Coast. 

1.  The  littoral  current,  during  a  season  when  effective,  flows  from 
the  northeast  to  the  soiithwest. 

2.  The  sand  moved  along  the  coast  by  the  littoral  current,  when 
stopped  by  jetties  extending  into  the  Gulf,  accumulates  in  the  angle 
formed  by  the  east  jetty  with  the  shore;  and  the  sediment  carried  into 
the  Gulf  by  silt-bearing  rivers  is  carried  to  the  westward  of  the 
harbors,  forming  shoals  extending  seaward  from  the  entrance  of  the 
jetty  channels. 

3.  The  littoral  current  flowing  past  the  outer  ends  of  jetties  or 
breakwaters  creates  an  eddy  west  of  the  entrance,  which,  at  the 
mouths  of  sediment-bearing  streams,  builds  up  shoals  in  the  quiet 
water  at  the  center  of  the  eddy;  and  at  the  entrances  of  tidal  harbors 
causes  reverse  currents,  Avhich,  in  connection  with  wave  action,  erode 
the  shore  west  of  the  structures. 

4.  A  single  jetty  will  neither  make  nor  maintain  a  navigable  chan- 
nel at  the  mouth  of  a  silt-bearing  river. 

5.  Parallel  jetties  at  the  entrances  of  tidal  harbors  will  not  create 
navigable  channels,  but  will  generally  maintain  such  a  channel  after 
having  been  obtained  by  dredging. 

(5.  Where  strong  littoral  currents  exist  during  the  season  when 
sand  movement  occurs,  a  single  curved  jetty,  properly  designed  with 
reference  to  the  volume  and  velocity  of  flow  through  the  pass,  will 
create  a  navigable  channel  without  aid  from  dredging,  but  it  is  prefer- 
able in  all  cases  to  aid  the  tidal  action  by  dredging,  not  only  to 
hasten  results,  but  to  insure  a  proper  alignment  of  the  channel. 
Mr.  Symons.  Thomas  W.  Symons,  M.  Am.  Soc.  C.  E.  (by  letter). — The  single 
jetty  at  Aransas  Pass,  or  "reaction  breakwater,"  as  it  is  called  by  the 
author,  is  by  no  means  a  new  thing  in  the  engineering  world,  and, 
individually,  it  does  not  mark  "  a  distinct  advance  in  the  resources  of 
maritime  engineers  in  the  improvement  of  ocean  bars,"  as  stated  by 
Professor  Haupt.      In  fact,  officers  of  theCori^s  of  Engineers,  U.  S.  A., 
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have  designed  and  have  been  building  just  such  structures  for  years,  and  Mr.  Symons. 
some  of  the  most  successful  works  of   the  Corps  have  been  accom- 
plished by  adopting  inthemain  theprincij)les  enunciated  by  Professor 
Haupt. 

The  writer  believes  sincerely  that  many  harbor  bars  can  be  im- 
proved by  a  single  jetty,  or  breakwater,  if  the  name  be  preferred,  to 
fully  as  great  an  extent,  and  in  some  cases  to  a  much  greater  extent, 
than  by  parallel  or  converging  jetties,  and  at  enormously  less  cost, 
provided  the  single  jetty  be  properly  located  to  take  advantage  of  all 
the  natural  forces  at  work.  This  belief  is  founded,  not  on  theories  only, 
but  on  actual  experience  in  planning,  locating,  building  and  observ- 
ing such  works  and  their  operation.  The  writer's  experience  on  the 
Pacific  Coast  was  so  convincing  as  to  this,  that,  in  planning  works  for 
the  imi^rovement  of  Grays  Harbor  Bar,  Wash.,  he  designed  a  single  jetty, 
and,  Congress  having  made  provision  therefor,  it  is  now  being  con- 
structed under  the  suijervision  of  Harry  Taylor,  M.  Am.  Soc.  C.  E., 
Captain,  Corps  of  Engineers,  U.  S.  A.  This  jetty  has  not  only  been 
described  in  official  reports,  but  was  the  subject  of  a  paper  before  this 
Society.*  This  Grays  Harbor  jetty  is,  in  every  essential  respect,  such 
a  "  reaction  breakwater  "  as  described  in  general  terms  by  Professor 
Haupt. 

The  single  jetty  at  Coos  Bay,  Ore.,  located  and  built  under  the 
writer's  direction  and  suj^ervision,  1890  to  1895,  is  a  "  reaction  break- 
water," and  operates  in  practically  the  same  manner  as  described  by 
the  author,  in  determining,  deepening  and  maintaining  a  channel  over 
the  bar.  This  single  jetty  was  located  with  a  view  to  securing  the 
maximum  results  in  the  shortest  time  and  at  the  minimum  of  expense, 
and  was  eminently  successful;  a  deep  bar  channel  was  developed  and 
has  been  maintained  in  a  j^ermanent  position  ever  since.  A  second 
jetty  was  planned  to  be  built  at  Coos  Bay,  but  as  the  first  one  has 
accomplished  about  all  that  was  hoped  from  the  two,  it  will  probably 
be  deemed  unnecessary  to  build  it.  The  great  single  jetty  at  the 
mouth  of  the  Columbia  Eiver,  which  has  accomplished  so  much  for 
the  commerce  of  Oregon,  is  a  "reaction  breakwater."  So  is  the  single 
jetty  at  San  Diego,  Cal. 

These  jetties  fulfil  nearly  all  the  conditions  laid  down  by  Professor 
Hau^jt.  Their  principal  i^oiut  of  variance  is  that  they  are  not  con- 
structed on  "compound  and  reverse  curves,"  and  have  no  gap  or 
opening  near  the  shore.  In  the  localities  mentioned  these  curves  were 
not  at  all  necessary,  as  there  was  no  trouble  in  securing  a  deep  channel 
inside  the  outer  end  of  the  jetty  at  either  place.  The  bar,  in  advance 
of  the  jetty,  was  the  real  difficiilty,  and  the  channel  across  it  was  to  be 
secured  by  directing  the  tidal  currents  upon  it  in  a  fixed  location.  In 
the  instances  mentioned  this  is  accomplished  just  as  well  with  the 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  109. 
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Mr.  Symons.  straight  jetties  as  it  could  he  with  curved  jetties.  In  fact,  it  was  neces- 
sary in  almost  every  instance  to  protect  the  jetties  against  undiie  erosion 
by  groins  built  out  on  the  channel  sides.  The  construction  of  the 
"  breakwater,"  so  called,  at  Aransas  Pass,  is  not  made  clear  in  the 
paper.  It  is  apparently  a  brush  and  stone  structure,  a  large  part  of 
which  is  fou.nded  on  sand  in  6  to  8  ft.  of  water.  Alongside  this  and 
close  up,  the  channel  has  been  eroded  to  18  or  20  ft.  in  depth,  accord- 
ing to  the  majj.  This  condition  might  well  excite  alarm  for  the  safety 
of  the  structure.  The  possible  undermining  may,  however,  be  guarded 
against  by  some  construction  not  alluded  to  in  the  paper. 

Along  our  Northern  Pacific  Coast  there  is  an  average  tide  of  6  to  7 
ft.,  and  the  storms  are  much  more  frequent  and  severe  than  in  the 
Gulf,  all  of  which,  of  course,  makes  the  problem  of  bar  improvement 
vastly  different  from  that  at  Aransas  Pass. 

Neither  was  there,  at  any  of  these  Northern  Pacific  Coast  harbors, 
any  need  to  leave  a  gap  near  the  shore  to  permit  the  tide  to  enter 
freely.  The  jetties  as  located  and  built  leave  the  door  open  almost  to 
its  full  width  for  the  entrance  of  the  tide,  and  there  is  practically  no 
choking  down  of  the  flood  tide,  which,  theoretically,  there  is  with 
parallel  or  converging  jetties.  Besides,  at  these  Northern  Pacific  Coast 
points  there  is  a  very  practical  objection  to  leaving  a  gap  near  the 
shore.  The  rough  and  temi^estuous  character  of  the  waters  prohibits 
absolutely  the  building  of  the  structures  from  floating  plant,  and  they 
must  be  built  from  tramways  extended  out  from  shore.  If  the 
tramway  should  be  built  and  a  gap  left  in  the  brush  and  stone  jetty 
built  from  it,  it  is  certain  that  the  unprotected  portion  of  the  tramway 
would  be  undermined  and  destroyed. 

Judging  from  the  map.  Fig.  2,  this  cutting  has  commenced  in  the 
gaps  left  in  the  Aransas  Pass  structure,  and  it  is  quite  within  the 
bounds  of  possibility  that  this  may  extend,  and  channels  develop)  there- 
from, to  a  degree  which  will  lessen  seriously  the  flow  in  the  desired 
channel.  If  the  flood  enters  freely  through  the  gaps,  the  ebb  will  also 
run  out  freely,  and  it  would  seem  the  part  of  wisdom,  where  there  is 
so  little  tide  as  at  Aransas  Pass,  to  control  as  much  of  it  as  possible. 
The  sill,  G  E,  Fig  1,  would  at  least  be  necessary,  in  the  writer's 
judgment. 

In  the  case  of  Grays  Harbor,  the  natural  bar  channel  had  an  ap- 
parently unswerving  tendency  to  move  from  north  to  south,  keeping 
on  with  this  movment  until  its  extreme  southerly  position  was  reached, 
then  breaking  out  again  to  the  north  and  taking  up  its  slow  movement 
to  the  south.  The  jetty  was  located  to  interpose  itself  against  this 
southerly  movement  with  the  hope  and  belief  that  the  jiressure  to  the 
south  would  continue,  and  that  this  pressure  on  one  side  opposed  by 
the  jetty  on  the  other,  and  the  inflowing  and  outflowing  tidal  currents, 
would  produce  the  necessary  agitating  and  scouring  current-effects 
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necessary  to  determine  and  maintain  a  good  deep  channel  and  direct  it  Mr.  Symor 
permanently  over  the  bar  in  the  selected  location.  This  work  was 
planned  in  1894-95,  and  is  truly  a  "reaction  breakAvater"  in  all 
essential  features,  as  described  and  named  by  Professor  Haupt. 
Whether  it  will  fulfil  all  that  the  writer  hopes  for  it  remains  to  be 
seen,  and  can  only  be  determined  in  the  future. 

The  great  Columbia  River  jetty,  planned  in  1882,  is  also  such  a 
"reaction  breakwater,"  interposed  against  the  tendency  of  the  bar 
channel  to  move  to  the  southward. 

At  Coos  Bay  the  movement  of  the  bar  channel  was  to  the  north- 
w^ard,  and,  consequently,  the  jetty  was  interposed  against  it  on  the 
north,  and  this  northerly  tendency  and  the  reaction  of  the  jetty  have 
determined  and  maintained  an  excellent,  deep-bar  channel,  jjermanent 
in  location,  ever  since  the  jetty  was  carried  out  sufficiently  far  to  make 
its  influence  felt.  The  writer  is  unable  to  believe  that,  in  the  great 
majority  of  cases,  the  curved  trace,  indicated  by  Professor  Haupt  as 
essential,  is  at  all  necessary,  or  the  best.  There  may  be  cases, 
however,  where  such  a  trace  best  lends  itself  to  the  situation  and 
control  of  the  forces  at  work.  Each  particular  case  must  be  judged 
by  itself. 

While  the  writer  is  a  believer  in  the  single-jetty  system,  wherever 
applicable,  he  also  believes  that  there  are  cases  where  one  jetty  woiild 
not  be  sufficient,  and  where  jjaraUel  or  converging  jetties  are  necessary. 
A  safe  rule  to  adopt,  and  one  by  which  the  writer  was  governed  in  de- 
signing all  the  later  works  of  harbor  bar  improvements  which  he  has 
had  in  charge  on  the  Pacific  Coast,  is  to  locate  the  first  jetty  to  be 
built  as  if  it  were  the  only  one  to  be  built,  and  hope  for  the  best. 
Under  this  plan,  if  it  be  found  that  the  results  obtained  are  not  satis- 
factory, then  other  works,  a  second  jetty,  perhaps,  can  be  added  to 
better  control  the  natural  forces  and  direct  the  flowing  waters.  The 
Avriter's  experience  causes  him  to  be  very  chary  of  predicting  ab- 
solutely the  results  which  can  be  obtained  from  any  structure  built  to 
control  the  waters  and  sands  of  an  ocean  bar. 

Professor  Haupt  and  all  concerned  are  to  be  congratulated  on  the 
results  obtained  at  Aransas  Pass.  The  very  marked  imjirovement  in 
such  a  short  time  mentioned,  however,  naturally  causes  one  to  ask 
whether  there  is  a  certainty  that  it  is  permanent.  This  is  mentioned 
because,  in  conducting  harbor  works  on  the  Pacific  Coast,  very  extra- 
ordinary results  were  obtained  at  times,  but  they  were  not  permanent, 
and  the  real  value  of  the  works  could  only  be  determined  by  finding 
out  the  minimum  dejjth  and  width  of  channel  which  could  be 
depended  upon  under  all  circumstances.  The  author  recognizes  this 
uncertainty  by  his  statement  that  "modifications,  however,  are  always 
to  be  expected  in  depths  due  to  variations  in  the  natural  forces." 
These  modifications  may  in  time,  and  probably  will,  render  the  entire 
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Mr.  Synions.  or  partial  closiDg  of  the    gap  in  the  jetty,   and  the  constriiction  of 
groins  for  its  protection  advisable  and  necessary. 

If  the  author  had  extended  his  studies  to  the  works  of  harbor- 
improvement  designed  and  carried  on  by  the  Corps  of  Engineers, 
U.  S.  A.,  on  the  Pacific  Coast,  his  claim  as  to  the  epoch-making 
character  of  the  Aransas  Pass  structure  would  probably  have  been 
greatly  modified,  in  view  of  the  fact  that  structures  practically 
identical  in  character  were  designed,  located  and  built  years  before  it 
was  thought  of. 

The  correct  principles  of  tlie  single-jetty  system  appear  to  have 
been  applied  very  successfully  at  Aransas  Pass,  and  Professor  Haupt 
has  invented  a  new  name  for  such  a  structure.  The  writer  cannot,  how- 
ever, believe  that  the  engineering  world  will  accept  the  name  "break- 
water "  as  properly  applicable  to  the  structure  at  Aransas  Pass.  It  is 
not  designed  to  and  does  not  perform  the  functions  of  a  breakwater  as 
ordinarily  understood  and  defined.  It  is  a  training  wall  or  directrix 
to  the  flowing  waters,  and  the  name  jetty  fits  it  much  better  than  the 
name  breakwater,  and  is  more  in  accord  with  good  usage  and  common 
understanding.  A  breakwater  is  from  its  very  nature  a  reactionary 
structure,  its  object  being  to  deaden  the  force  of  the  waves,  which  roll 
in  from  ocean  or  lake,  by  interposing  its  weight  and  bulk  in  their  jjath. 
reacting  against  them.  To  speak  of  a  "  reaction  breakwater  "  is  a 
redundancy. 
Mr.  Ripley.  H.  C.  RiPLEY,  M.  Am.  Soc.  C.  E.  (by  letter). — The  adoption  of  the 
reaction  or  curved  breakwater,  for  the  improvement  of  a  harbor 
entrance,  is  without  doubt  the  greatest  advance  made  in  the  science 
of  river  and  harbor  engineering  that  has  ever  been  recorded  in  this 
country.  For  this  reason  this  paper  will  be  read  with  especial  interest 
by  those  engaged  in  this  branch  of  the  profession. 

The  principles  herein  applied,  however,  are  as  universal  and  well 
established  as  the  law  of  gravitation  itself. 

These  principles  are: 

Pirst. — That  of  reaction,  by  means  of  which,  water,  constrained  to. 
flowin  a  curve,  excavates  and  maictains  a  greater  cross-sectional  area  of 
channel  than  when  flowing  in  a  straight  course,  and  the  ratio  of  depth 
to  section  is  always  greater  in  a  curved  than  in  a  straight  channel, 
under  otherwise  similar  conditions.  For  examples  of  these  efiects,  see 
Transactions,  Am.  Soc.  C.  E.,  Vol.  xxiii,  page  153,  where  it  is  shown  that 
for  the  Brazos  River  the  average  sectional  area  is  l'i\%  greater  in 
bends  than  in  reaches,  and  the  average  maximum  depth  is  58^0^^ 
greater  in  bends  than  in  reaches. 

Second. — That  of  centrifugal  force,  by  which  the  particles  of  flow- 
ing water  tend  to  hug  the  concave  side  of  a  channel.  This  jjrinciple 
makes  it  possible,  by  means  of  a  single  curved  structure,  to  concen- 
trate the  ebbing  waters  of  a  tidal  harbor  or  the  discharging  water  of  a 
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river  into  a  single  channel  of  limited  width,  and  convey  it  across  the  Mr.  Ripley, 
bar  as  eftectively  as   can    be   done  by  means  of  two  parallel  jetties, 
where   the    aggregate    length   is   double   that   of    the   single   curved 
structure. 

Numerous  examples  of  natiiral  concentration  of  flowing  water  into 
channels  of  limited  widths  by  this  principle  are  to  be  found  in  the 
bays  and"  sounds  along  the  Atlantic  and  Gulf  Coasts.  A  noted 
example  is  that  of  the  channel  of  Galveston  Harbor  along  the  city 
front.  This  channel  has  a  width  of  less  than  1  000  ft.  between  the 
6-ft.  contours  and  a  maximum  depth  of  over  30  ft.  This  concentra- 
tion of  the  tidal  flow  is  dtie  to  the  curved  form  of  the  shore  line  of 
Galveston  Island,  which  brings  into  action  the  jsrinciple  of  centrifugal 
force. 

These  two  are  the  cardinal  jirinciples  involved  in  the  ajjplication 
of  the  reaction  or  curved  breakwater  to  the  improvement  of  a  harbor 
entrance.  The  writer  thinks  that  no  one  will  question  their  imiversality. 
Nor  are  these  principles  of  recent  discovery.  They  were  recognized 
more  than  three-quarters  of  a  century  ago,  by  engineers  having  to  do 
with  harbor  works. 

The  improvement  of  the  entrance  to  the  harbor  of  Swinemiinde, 
Prussia,  on  the  Baltic  Sea,  is  an  example  of  the  successful  application 
of  these  principles  by  means  of  a  curved  jetty  extending  from  the 
shore  on  the  east  side  of  the  entrance,  across  the  bar,  a  distance  of 
3  900  ft.,  with  a  somewhat  shorter  angular  jetty  upon  the  west  side  of 
the  entrance. 

General  Gillmore,  in  describing  this  work  in  1881,  wrote:* 

"  Several  harbors  on  the  Baltic  Sea  have  been  improved  by  means 
of  jetties. 

"  Perhaps  the  most  successful  example  of  this  method  of  improve- 
ment is  shown  at  the  entrance  to  the  harbor  of  Swinemiinde,  the 
outport  of  the  Citv  of  Stettin,  an  important  commercial  town  of 
Prussia.     *     *     *     " 

"  The  west  j^itn"  or  jetty  was  designed  to  arrest  the  progress  of  the 
sand  brought  to  the  entrance  by  the  littoral  current,  besides  confining 
the  currents  of  the  outflowing  waters.     *     *     * 

"The  well-known  fact  that  near  concave  banks,  the  currents  of 
flowing  water  generally  create  and  maintain  a  deep  channel,  indiiced 
the  designer  of  the  Swinemiinde  jetties  to  construct  them  on  a  curved 
plan,  to  secure  ample  depths,  at  least,  on  one  side  of  the  entrance 
channel.     *     *     * 

"The  curved  plan  jjroved  entirely  successful,  inasmuch  as  con- 
.siderable  depths  were  produced  next  to  the  east  jetty;  in  fact,  the 
opinion  has  been  expressed  that  a  more  gentle  curvature  might  have 
been  better,  as  the  dej^ths  in  the  concave  bend  are  actually  greater 
than  needed,  Avhile  on  the  opposite  side,  extensive  shoals  are  found, 
necessarily  reducing  the  width  of  the  navigable  channel  and  requiring 
the  freqiaent  use  of  dredging  machines.     «     *     * 

"As  a  general  result  of  this  improvement,  it   is  rej^orted  that  the 

*  Report,  Chief  of  Engineers,  U.  S.  A.,  for  1881,  p.  1060. 
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Mr.  Ripley,  principal  channel,  in  which  the  depths  were  only  7  to  7^  ft.  before  the 
works  were  begun,  now  has  a  navigable  depth  of  more  than  20  ft., 
which  has  been  maintained  for  nearly  half  a  century. " 

The  plan  of  this  work  is  shown  in  Figs.  3  and  4.  "While  it  is  stated 
that  the  '•  curved  plan  proved  entirely  successful,"  the  work  as  a  whole 
has  not  been  so,  from  the  fact  that  the  curved  jetty  was  placed  upon  the 
lee  side  of  the  littoral  drift,  which  encouraged  its  accumulation  on  the 
channel  side  of  the  curved  jetty,  with  a  resulting  growth  of  the  bar 
seaward,  which  will  necessitate  the  ultimate  extension  of  the  works 
to  prevent  its  overlapping  the  outer  end  of  the  jetty.  Had  the  curved 
jetty  been  placed  upon  the  windward  side,  the  littoral  drift  would  have 
accumulated  next  to  the  shore  and  its  seaward  growth  would  have  been 
much  slower. 

About  16  years  ago,  the  writer  designed  a  detached  curved  break- 
water for  the  imjirovement  of  the  entrance  to  Galveston  Harbor.  Its 
location  is  shown  by  the  heavy  broken  line  in  Fig.  5.  The  line  of  the 
North  and  South  jetties  as  constructed  is  also  shown.  The  condition 
of  the  bar  and  channels  is  that  of  the  time  of  the  survey  in  1884.  The 
present  position  of  the  shoalest  pai't  of  the  bar  is  outside  of  the  line 
joining  the  outer  ends  of  the  jetties.  At  this  point,  the  resultant  lit- 
toral movement  is  to  the  southwest,  as  is  indicated  by  the  gentle  curve 
of  Bolivar  Channel  to  the  south  as  it  approaches  the  bar. 

The  breakwater  is  placed  on  the  windward  side  of  the  channel,  and 
its  curvatui'e  and  position  conform  to  the  curvature  and  alignment  of 
the  natural  channel,  and  as  a  resultant  of  all  the  forces  acting  upon  it. 
The  discharging  water  from  the  tidal  basin  meets  this  curve  tangen- 
tially,  and,  upon  the  principle  of  centrifugal  force,  will  be  constrained 
to  follow  the  curve  throughout  its  length.  The  channel  will  therefore 
have  no  greater  width  than  at  the  point  of  meeting  the  curve,  but,  on 
account  of  its  curved  form,  somewhat  greater  depths  will  be  developed 
and  maintained  than  would  be  the  case  if  the  same  movement  of  water 
were  confined  between  jjarallel  straight  walls. 

Its  position  on  the  windward  side  of  the  channel  is  such  as  to  inter- 
cept the  littoral  drift  and  protect  the  channel  from  its  degrading- 
effects;  and  the  littoral  movement,  being  normal  to  the  breakwater  at 
its  outer  end,  will  oppose  no  dynamic  resistance  to  the  ebb  dis- 
charge. The  existence  of  this  breakwater  would  exert  the  least  ojjpo- 
sition  to  the  admission  of  flood  water  to  the  tidal  basin  consistent  wdth 
the  control  of  the  ebb  discharge,  and  it  is  probable  that,  with  the 
development  of  the  channel  across  the  bar,  an  actual  increase  in  the 
tidal  prism  would  result. 

This  design  was  aj)proved  by  the  United  States  Engineer  Ofiicer 
then  in  charge  of  the  work,  and  its  adoption  recommended.  The 
results  at  Aransas  Pass  have  demonstrated  fully  that,  had  its  construc- 
tion been  authorized,  there  would  have  been  saved  to  the  Government, 
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Mr.  Ripley,  in  the  improvement  of  this  one  harbor,  not  less  than  S4  000  000  in 
money  and  about  four  years  in  time. 

There  are  many  harbors  on  the  Atlantic,  Pacific  and  Gulf  Coasts 
needing  improvement,  where  the  application  of  the  reaction  break- 
water would  be  entirely  feasible. 

The  curved  jetty,  involving  the  same  cardinal  principles  as  the 
reaction  breakwater,  would  also  be  apjilicable  at  the  mou.ths  of  many 
rivers,  to  the  great  saving  in  the  cost  of  improvement. 

After  much  study  of  the  local  conditions  at  the  mouth  of  the  Coat- 
zacoalcos  Eiver,  Mexico,  the  writer  has  proj^osed  a  single  curved  jetty 
for  the  im^jrovement  of  the  entrance  to  that  river,  with  the  estimated 
saving  of  about  $1  000  000  in  gold  as  compared  with  the  estimated  cost 
of  two  parallel  jetties. 

With  the  results  at  Aransas  Pass,  the  writer  is  entirely  confident 
that  the  improvement  of  the  entrance  to  the  Coatzacoalcos  Eiver 
would  be  entirely  successful  with  the  construction  of  the  single 
curved  jetty  proposed. 
Mr.  Pitts.  Thomas  D.  Pitts,  Jun.  Am.  Soc.  C.  E. — The  speaker  had  the  good 
fortune  to  be  engaged  as  Assistant  Engineer  on  the  works  at  Aransas 
Pass  for  over  two  years,  and,  naturally,  he  has  been  much  interested 
in  the  results. 

From  the  depths  maintained  in  the  gorge,  it  would  seem  that  the 
ebb-curi-ent  velocity  and  tidal  volvime  are  siifficieut  to  maintain  a 
depth  of  20  ft.  or  more  on  the  bar,  if  properly  controlled  and  directed. 
The  speaker  believes  the  results  so  far  obtained  show  that  the  curved 
jetty  on  the  north  side  of  the  channel,  which  was  designed  by  the 
author,  would  be  amply  sufficient  to  control  and  direct  the  current, 
if  completed. 

In  reports  made  to  the  Chief  of  Engineers,  U.  S.  A.,  regarding 
contemplated  improvements  at  Ai-ansas  Pass,  it  has  been  said  that  it 
would  be  very  difficult  to  build  and  maintain  a  jetty  there  on  accoixnt 
of  the  quicksand  foundation.  The  curved  jetty,  built  by  the  Aransas 
Pass  Harbor  Company,  is  founded  on  mattresses  made  of  fascines  of 
live  oak  and  bay  brush,  the  fascines  being  about  9  ins.  in  diameter 
and  of  varying  length,  according  to  the  width  of  foundation  desired. 
The  mattress  sinks  into  the  sand  somewhat  when  first  laid  and  com- 
presses considerably  when  fully  ballasted,  but  it  seems  to  last  for  an 
indefinite  time.  The  foundation  of  the  soiith  jetty,  built  by  the 
Government  about  1885,  was  a  similar  mattress,  and  during  Colonel 
Goodyear's  blasting  operations  on  the  site  of  that  jetty  fragments  of 
the  mattress  arose  to  the  surface  in  considerable  quantity.  The  wood 
of  these  fragments  was  quite  sound,  but  the  bark  was  partially  de- 
cayed. A  portion  of  the  north  jetty  has  now  been  in  place  for  over 
4  years,  and  no  work  of  any  kind  has  been  done]for  more  than  3  years. 
During  that  time  there  has  been  no  evidence  of  any  settlement  of  the 
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foundation,  the  small  amount  of  subsidence  noticed  being  amply  ac-  Mr.  Pitts, 
counted  for  by  the  consolidation  of  the  stone  in  the  body  of  the  jetty, 
and  by  loss  from  the  top  due  to  heavy  seas.  In  this  last  resisect,  the 
sijeaker  has  been  surprised  that  the  jetty  has  stood  so  well,  in  view 
of  its  exposed  position,  and  the  fact  that  no  i-ejiairs  whatever  have 
been  made. 

Between  August  1st  and  December  31st,  1895,  a  portion  of  the  jetty 
1  250  ft.  long,  B — C  (Fig.  1),  was  comjjleted  to  full  size  and  section;  a 
mattress  was  laid  from  B  to  F,  \  (JOO  ft.,  and  from  Cto  D,  1  500  ft. 
The  channel  depths  increased  rapidly  until,  in  November  and  Decem- 
ber, a  channel  of  13  ft.  could  be  traced  across  the  bar.  At  about  that 
time  the  foundation  of  the  old  Government  jetty  was  uncovered,  and 
the  increase  in  depth  ceased.  Although  the  removal  of  a  portion 
of  the  old  foundation  was  iirged  repeatedly  by  the  Consulting  and 
Chief  Engineers,  no  funds  were  provided  for  that  purpose;  but  during 
the  spring  of  1896  the  ijortion  C — Doi  the  jetty  was  raised  to  the  level 
of  high  water,  and  the  foundation  was  laid  for  a  distance  of  1  400  ft. 
from  D  toward  E. 

During  August  and  September  of  the  same  year  the  mattress  was 
extended  to  E,  and  the  jetty  was  raised  to  low-tide  level  between  D  and 
E;  but  it  was  built  of  much  less  than  full  section,  and  two  gaps  of  a 
total  length  of  about  500  ft.  were  left.  Until  this  last  work  was  done 
between  D  and  E  the  ebb  discharge  was  practically  not  controlled  at 
all,  most  of  the  flow  passing  to  the  northward  of  B,  and  the  current 
across  the  bar  was  scarcely  appreciable. 

The  condition  of  the  jetty  in  the  spring  of  1896  was  such  that  it 
caught  and  caused  to  be  deposited  on  the  bar  the  sand  carried  along 
the  shore  by  the  northerly  current  which  prevails  at  that  season.  This 
current  was  of  unusual  strength  and  duration  that  year.  In  consequence 
of  this  sand  deposit,  the  de^jth  on  the  crest  of  the  bar  decreased  so  that 
there  was  only  5J  or  6  ft.  of  water  in  September.  As  soon,  however, 
as  the  portion  B — E  oi  the  jetty  was  partially  comj)leted  as  described, 
the  current  across  the  bar  was  noticeably  increased,  and  the  channel 
depths  began  to  increase  slowly.  This  increase  was  helloed  materially 
by  the  explosion  of  dynamite  on  the  bar  by  Colonel  Goodyear;  chiefly 
by  the  destruction  of  a  part  of  the  foundation  of  the  old  Government 
jetty,  but  also  partly  by  the  softening  of  the  whole  bar,  caused  by  the 
shocks  of  the  explosions. 

The  increase  in  depth,  which  began  in  the  fall  of  1896,  has  been 
continuous  since;  being  slower,  or  perhaps  even  ceasing  entirely,  dur- 
ing the  spring  and  summer,  and  much  more  rapid  during  the  winter, 
when  severe  "Northers"  are  of  frequent  occurrence.  At  such  times 
the  current  is  very  rapid,  surface  velocities  as  high  as  6A  and  7  ft.  per 
second  having  been  measured  by  means  of  float  observations.  These 
were  probably  not  maximum  velocities,  as  the  engineering  force  had 
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ivir.  Pitts,  no  facilities  for  making  current  observations  during  the  times  of 
greatest  discbarge. 

The  speaker's  latest  information  regarding  the  depths  on  the  bar  is 
by  letter  from  the  keeper  of  the  Life  Saving  Station  at  the  Pass.  From 
this  he  learns  that  there  has  been  but  little  change  in  the  channel 
diiring  the  j^ast  summer,  but  that  the  depths  on  the  outer  slojae  of  the 
bar  have  increased  somewhat.  In  the  absence  of  a  complete  survey, 
it  is  not  safe  to  assume  too  much;  but  the  increase  in  depth  on  the 
outer  slope  would  seem  to  show  that  the  jetty  is  serving  one  of  the 
purposes  for  which  it  was  designed,  /.  e.,  to  jsrevent  the  advance  of 
the  bar  seaward. 

The  south  jetty,  built  by  the  Harbor  Company  in  1892,  as  men- 
tioned by  the  author,  was  carried  out  some  distance  during  the 
summer,  and  was  apparently  successful  for  a  time.  A  deep  channel 
was  formed  along  the  north  side  of  the  jetty,  and  there  was  some 
increase  in  the  depth  on  the  bar.  The  improvement  was  lost,  how- 
ever, as  soon  as  the  southerly  littoral  currents  set  in,  in  the  fall. 
There  was  no  improvement  the  next  year,  and  a  large  part  of  the 
jetty  had  disappeared  by  the  summer  of  1895.  This  jetty  was  built 
of  wooden  caissons  about  7  ft.  in  diameter,  sunk  in  the  sand  and  filled 
with  sand  and  rock.  A  jsortion  of  this  jetty  is  shown  extending 
eastward  from  "Co.  Wharf"  on  the  map  (Fig.  1).  As  will  be  seen,  it 
did  not  in  any  way  control  the  current,  serving  merely  as  a  protection 
against  the  sand  carried  along  the  shore  to  the  northward.  In  fact,  the 
ebb  current  is  deflected  to  the  north  by  the  revetment  laid  by  the 
Government  between  "Co.  Wharf"  and  Turtle  Cove,  and  trends  away 
from  the  shore  line  of  Mustang  Island  before  reaching  the  inshore  end 
of  the  south  or  Nelson  jetty. 

The  curved  north  jetty  was  designed  by  the  author,  not  only  to 
protect  the  channel  from  the  inflow  of  sand  from  the  north,  which 
movement  the  speaker  considers  more  important  than  that  from  the 
south,  but  also  to  control  the  current  and  comjjel  it  to  scour  out  its 
own  channel.  The  sj^eaker  does  not  believe  that  a  straight  jetty  would 
serve  the  same  jjurpose  in  this  location,  as  suggested  by  Major  Symous, 
for  he  thinks  such  a  jetty  would  only  deflect  the  current,  without  con- 
centrating it,  and  that  it  would  then  spread  out,  fanwise,  and  lose  its 
velocity  and  strength.  With  the  curved  jetty,  on  the  contrary,  the 
change  of  direction  is  gradual  and  continuoiis,  and  the  conditions 
are  similar  to  those  in  the  bends  of  a  rapid  river,  where  it  is  well 
known  that  the  greatest  velocity  and  depth  is  found  next  the  concave 
bank. 

Major  Symons  also  mentions  four  harbors  on  the  Pacific  Coast 
where  single,  straight  jetties  have  been  used  with  gratifying  results. 
The  similarity  of  the  cases  does  not  apjjear  to  the  speaker,  however. 
In  one  of  these  instances,  the  mouth  of  the  Columbia  Eiver,  there  is 
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a  very  large  fresli-water  flow,  and  in  all  of  them  the  tidal  flow  is  many  Mr.  Pitts, 
times  as  great  as  that  at  Aransas  Pass.  In  all  of  these  cases  the 
entrance  proper,  between  the  headlands,  is  wide  and  deep,  as  shown 
by  maps  published  in  the  Reports  of  the  Chief  of  Engineers,  XJ.  S.  A. ; 
and  there  is  a  rise  and  fall  of  tide  of  5  or  6  ft.  The  conditions  are 
such  that  the  bays  doubtless  fill  completely  at  each  tide,  and  the 
single  jetty  does  not  contract  the  entrance  so  as  to  diminish  the  tidal 
inflow.  The  depths  and  widths  maintained  in  the  gorges  are  far  more 
than  sufficient  for  any  possible  commercial  needs;  hence  it  is  enough 
to  control  a  jjart  only  of  the  ebb  flow. 

At  Aransas  Pass,  on  the  other  hand,  the  entrance  is  naturally 
comparatively  narrow,  and  the  average  rise  of  tide  is  only  about  0.8  ft. 
It  is  therefore  necessary,  not  only  to  control  as  large  a  part  of  the  ebb 
flow  as  possible,  but  also  to  give  the  most  ample  opportunity  for  the 
flood  tide  to  enter.  The  jjurpose  of  the  opening  left  from  £"  to  G  (Fig. 
1),  was  to  give  a  greater  width  of  flood  tide  entrance,  and  the  speaker 
believes  that  it  is  of  material  value  for  that  pui'iaose.  It  is  true  that  a 
considerable  quantity  of  water  is  lost  through  G — E  during  ebb 
discharge,  but  here  again  the  water  is  thrown  against  the  Mustang 
Island  shore  by  centrifugal  force,  and  the  loss  is  limited  to  a  surface 
one  only.  This  is  proven  to  the  speaker's  satisfaction  by  the  fact  that 
since  September,  1896,  when  the  foundation  was  completed  to  E,  and 
the  jetty  from  D  to  E  was  brought  to  a  i^artially  effective  condition, 
there  has  been  no  tendency  to  scour  in  this  opening;  in  fact,  the 
depths  have  decreased  somewhat. 

The  conditions  at  Tamjjico  and  at  the  mouth  of  the  Brazos,  where 
improvements  have  been  made  by  means  of  parallel  jetties,  are  radi- 
cally different  from  those  at  Aransas  Pass,  on  account  of  the  large 
fresh-water  flow  at  both  of  those  places. 

Mention  has  been  made  of  the  probability  that  shoaling  would 
take  place  at  the  "  cross-over."  There  would  doubtless  be  some  shoal- 
ing at  that  point,  but  the  speaker  does  not  think  that  the  depth  there 
would  be  the  governing  depth.  He  thinks  the  loss  of  water  over  the 
shoal  to  the  southward  would  cause  the  governing  dei^th  to  appear  in 
the  concavity  of  the  jetty,  and  that  it  would  not  be  less  than  20  ft. 
under  any  circumstances,  and  i^robably  much  more.  The  latest  chart 
available,  from  a  survey  made  last  winter  by  the  United  States  Coast 
and  Geodetic  Survey,  shows  depths  in  the  middle  of  the  "cross-over  " 
of  about  17  ft.  The  speaker  believes  that  the  present  bar  acts  as  a  dam 
to  check  the  ebb  current  and  to  prevent  scour  on  the  inner  slope,  and 
that  with  the  opening  of  a  clear  waterway  of  20  ft.  depth  across  the 
bar,  the  depths  in  the  "  cross-over  "  would  be  increased  materially. 

The  fact  that  a  current  velocity  which  is  abundantly  sufficient  to 
transport  a  given  material  will  not  always  scour  it  from  its  bed  was 
well  shown  at  Aransas  Pass.     The  material  along  this  coast  is  a  round- 
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Mr.  Pitts,  grained  sand  of  light  weight,  which  remains  suspended  in  the  water 
for  a  long  time  when  once  jjut  in  motion.  Yet  the  speaker  has  seen 
this  sand  stand  for  days  at  a  slope  of  1  on  2  without  jaerceptible  erosion, 
notwithstanding  the  fact  that  a  ciirrent  of  3  to  3i  ft.  per  second  was  im- 
pinging on  it  during  every  ebb  tide.  But  the  slightest  shock,  such  as 
the  exjilosion  of  a  charge  of  dynamite  under  water  in  the  vicinity,  is 
enough  to  caiise  such  a  bank  to  slide.  Any  obstruction  to  the  free 
flow  of  the  water  vnll  cause  eddies  which  produce  rapid  scour  over  a 
limited  area.  For  this  reason  the  speaker  does  not  think  that  the  stone 
from  the  foundation  of  the  old  Government  jetty  which  was  scattered 
by  the  dynamite  exj^losions  prevents  scour.  On  the  contrary,  if  that 
stone  is  as  well  scattered  as  he  believes  it  to  be,  he  thinks  that  it  is  a 
help  rather  than  a  hindrance,  on  account  of  the  local  scour  produced. 
'The  average  range  of  the  tides  at  Aransas  Pass  is  less  than  1  ft.; 
it  is  given  on  the  Coast  Survey  charts  as  0.7  or  0.8  ft.  But  there  are 
times  when  the  rise  and  fall  are  much  greater.  A  long-continued 
southeast  wind  will  raise  the  water  3  ft.  or  more  above  mean  high 
water,  and  a  succession  of  severe  "Northers"  will  lower  it  as  much 
below  mean  low  tide.  The  sj)eaker  has  seen  the  tide  fall  more  than 
3  ft.  in  less  than  six  hours  during  a  severe  "Norther."  As  regards 
the  character  of  the  tidal  curve;  at  the  time  of  neap  tides  there  is  a 
well-marked  diurnal  rise  and  fall;  but  at  spring  tides  there  is  but  one 
pronotanced  tide  in  the  24  hours.  At  the  time  of  spring  tides,  how- 
ever, a  short  rise  and  fall  frequently  ajjpears  near  the  crest  of  the 
curve,  and  sometimes  in  the  "valley."  The  foregoing  is  the  general 
character  of  the  curve,  but  it  is  by  no  means  regular,  the  tides  on  this 
part  of  the  coast  being  governed  largely  by  the  wind.  The  tide  lags 
irregularly  behind  the  moon's  phase,  and  much  more  than  on  the 
open  seacoast,  but  the  speaker  has  no  data  at  hand  on  this  subject. 

It  is  true  that  this  work  has  stood  for  a  comparatively  short  time 
only,  as  yet,  but  the  speaker  thinks  that  the  results  obtained  since 
work  on  the  jetty  ceased,  leaving  it  in  an  incomplete  condition,  are 
strong  arguments  in  favor  of  the  correctness  of  the  theory  on  which 
it  was  designed. 

kir.  Hatipt.  Lewis  M.  Hatjpt,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  feels 
under  obligations  to  his  colleagues  for  the  interest  and  trouble  they  have 
taken  in  discussing  this  paper,  each  from  his  own  standpoint  and 
exi^erience,  it  is  true,  but  these  side  lights  furnish  an  opportunity  to 
illuminate  the  general  problem. 

General  Review. — Some  confusion  has  arisen  from  an  attempt  to 
measure  results  obtained  elsewhere  under  totally  difterent  conditions; 
thus,  instances  are  cited  of  the  success  of  twin  jetties  where  there  is  a 
large  fluvial  discharge  at  high  velocities;  cases  which  are  not  com- 
l^arable  with  that  under  consideration,  where  there  is  no  land  drainage 
and  a  very  small  diurnal  tide.    Again,  it  is  attepmted  to  compare  a  single 
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jetty  projecting  from  the  shore  with  the  reaction  breakwater  which  is  Mr.  Haupt. 
purposely  wholly  detached  therefrom;  or,  still  further,  linear  work, 
having  but    a  single  function   to   perform,    is   cited  as  a  precedent 
for   curvilinear  work  designed  to  develop  diverse  agencies. 

Objections  are  also  made  to  the  use  of  the  words  "reaction  break- 
water "  as  being  redundant,  Major  Symons  not  appearing  to  recognize 
the  fact  that  the  structure  does  break  the  waves  from  the  north  and 
northeast,  forming  a  channel  of  quiet  water  in-  its  lee  and  also  pro- 
ducing a  scour  by  the  continuous  reaction  of  the  ebb  currents  along 
the  concave  front  of  the  structure.  These  anticipated  results, 
however,  are  so  patent  that  Yio  further  space  will  be  taken  to  reiterate 
them. 

Mr.  Corthell  devotes  considerable  space  to  the  impropriety  of 
leaving  an  opening  for  the  free  admission  of  the  flood  tide,  and  quotes 
from  Captain  Eads  the  well-recognized  principles  applicable  to  half- 
tide  or  submerged  jetties  to  sustain  these  views.  As  there  is  no  ques- 
tion concerning  their  soundness  and  as  the  writer  is  on  record  in  the 
papers  referred  to  m  his  original  paper,  no  time  will  be  consumed  in 
resjjonding  to  this  point  which  is  also  well  covered  by  Mr.  Marindin. 

Mr.  Corthell  recognizes  that  the  theory  is  "exceptional"  and 
"peculiar,"  the  work  incomplete,  and  that,  if  correct,  the  cost  will 
be  only  about  one-third  of  that  under  present  plans.  Certainly,  then, 
it  is  worthy  of  demonstration,  which  is  all  the  writer  has  been  seek- 
ing for  years,  and  the  testimony  of  Nature's  agencies  are  now  pro- 
duced, as  far  as  they  have  gone,  to  Establish  the  correctness  of  their 
application  at  this  diflScult  locality.  This  testimony  does  not  seem  to 
be  refuted  by  any  of  the  arguments  submitted.  The  writer  does  not 
claim  universal  application  of  his  plans  to  all  conditions,  as  seems  to 
be  inferred  from  a  few  of  the  discussions  ;  since  each  case  is  a  special 
problem  to  be  solved  on  its  merits.  Neither  does  he  claim  that  a 
reaction  is  develoiJed  by  a  "  convex  bank."  The  function  of  the  con- 
vex portion  of  the  work  is  wholly  distinct  from  the  concave  portion, 
but  none  the  less  important  (as  heretofore  stated). 

The  unqualified  statement  that  "it  is  not  velocity  *  *  *  "  that 
produces  scour,  is  undoubtedly  absurd,  but  it  was  not  intended  to  be 
so  used,  as  the  context  shows.  It  is  a  well-known  physical  fact  that 
the  mean  velocity  of  a  given  stream,  as  generated  by  its  surface  slope, 
doe^  produce  remarkably  different  results  under  apparently  similar 
conditions.  The  eases  cited  should  suffice  to  illustrate  the  meaning, 
which  was  not  to  disparage  either  velocity  or  volume,  without  which 
no  work  could  be  done,  but  to  direct  attention  to  the  tool,  so  to  speak, 
whereby  they  may  be  applied  to  produce  cutting.  There  is  ample 
energy  stored  in  the  effluent  at  every  bar,  but,  unless  it  is  developed 
by  some  form  of  resisting  medium  and  made  to  operate  on  the  bottom, 
it  glides  to  sea  inoperative.     The  mean  velocity  is  broken  up  and  dis- 
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Mr.  H;iupt.  tributed  into  complex  bottom  movements  by  the  resisting  break- 
water. 

A  serious  defect,  so  oft  repeated  in  harbor  works,  in  the  writer's 
opinion,  is  the  manner  in  which  it  is  attempted  to  apply  straight  jet- 
ties to  develop  a  channel;  with  the  result  that  a  deep  hole  is  scoured 
out  at  the  point  of  incidence  of  a  current  and  the  energy  of  the  stream 
is  dispersed  by  being  reflected  at  an  angle  instead  of  being  continuously 
supi^orted  across  the  bar:  This  is  observable  in  many  instances  where 
twin  jetties  have  been  placed.  It  is  the  purpose  of  the  curved  break- 
water to  maintain  a  continuous  reaction;  which  has  been  done,  as 
shown  by  the  results  already  secured.  The  currents  are  moulding 
their  own  channel,  with  a  thalweg  about  500  ft.  from  the  axis  of  the 
work  and  parallel  thereto. 

Dublin  harbor,  which  is  regarded  as  one  of  the  most  successful  in- 
stances of  convergent  jetty'  scour,  was  visited  by  the  writer  in  1889, 
and  described  in  the  paper  on  "Jetties  for  Harbor  Improvements." 
Here  the  benefit  was  alleged  to  be  due  largely  to  the  600-ft.  gap  in  the 
North  wall,  which  admitted  more  water  at  flood  than  it  emitted  at  ebb, 
thus  changing  the  equilibrium  between  the  heads  of  the  jetties  slightly 
in  favor  of  the  ebb.  The  dredging  of  the  area  within  the  jetties  is  not 
germane  to  the  subject.  From  the  relative  positions  of  the  jetties, 
shoaling  is  to  be  exjjected  in  this  harbor. 

Neither  does  the  writer  regard  it  as  important  to  reopen  the  discus- 
sion on  the  resultant  direction  of  the  littoral  drift  at  Aransas,  which 
was  brought  out  by  Mr.  Sweitzer's  paper  on  the  "  Origin  of  the  Gulf 
Stream,"*  to  which  attention  is  directed.  Suffice  it  to  say  that  the  ac- 
cumulation of  drift  on  every  jetty  built  in  the  Gulf  furnishes  sug- 
gestive evidence  as  to  the  correctness  of  the  location  of  the  breakwater. 

The  writer  does  not  wish  to  disparage  any  carefully  observed  data, 
but  in  these  pi-oblems  the  elements  are  so  varied  in  different  parts  of 
the  same  inlet  and  are  changing  so  constantly  (every  hour  almost)  that 
even  a  very  large  number  of  simultaneous  observations,  extended  over 
long  periods,  will  not  furnish  as  authentic  a  record  as  the  chrono- 
graphic  resultant  engraven  on  the  plastic  material  moulded  by  the 
forces  themselves.  Careful  comparative  surveys  are  indispensable  for 
this  purpose,  as  well  as  measurements  of  the  forces  which  have  effected 
the  results.  A  study  of  such  charts,  at  various  dates,  is  of  more  yalue 
than  a  few  instrumental  observations  of  velocities  of  currents,  winds  or 
tides,  all  of  which,  however,  have  a  relative  value.  The  writer's  con- 
clusions, as  to  the  resultant  direction  of  the  littoral  drift,  were  more 
fully  set  forth  in  previous  ijublications.  It  is  largely  a  resultant  of  the 
angle  of  wave  approach,  configuration  of  shore  line,  tides,  wind,  etc., 
all  of  which  co-operate  to  produce  the  effect.  At  Aransas  the  con- 
sensus of  opinion,  as  well  as  the  efficiency  of  the  work  done,  point  to 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xl,  1898,  p.  86. 
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the  fact  that  the  littoral  drift  is  southwesterly.     The  small  spur,  600  Mr.  Haupt. 
ft.  long  built  in  18fi9,  was  a  strong  pointer. 

Twin  Jetties  at  River  Mouths. — The  writer  makes  no  issue  as  to  the 
use  of  parallel  jetties  at  the  mouths  of  rivers,  as  his  paper  states. 
Twin  jetties  are  but  the  logical  outcome  of  Nature's  laws  in  attempt- 
ing to  conduct  an  effluent  stream  over  or  through  an  obstruct- 
ing medium.  Thev  constitute  an  aqueduct.  To  be  most  successful, 
they  should  confine  the  land  discharge  and  exclude  the  tidal  waters. 
The  greater  the  preponderance  of  outflow,  the  better  the  result.  But, 
in  sedimentary  streams,  jetties  serve  merely  to  conduct  the  flow  across 
the  site  of  the  original  bar.  When  it  reaches  the  sea,  and  the  velocity 
is  checked,  the  sediment  is  again  dropped  and  the  processof  bar  build- 
ing and  jetty  extension  must  continue,  unless  there  is  a  sufficiently 
strong  littoral  current  to  conduct  the  silt  away  from  the  outlet.  If 
not,  the  depth  may  be  maintained  by  dredging.  Hence,  as  stated, 
every  jiroblem  has  its  local  features.  A  single  curved  jetty  at  a  river 
mouth,  however,  may  suffice  to  sustain  the  currents  while  crossing  the 
bar,  and  prevent  deposit,  so  long  as  they  are  reacted  upon,  causing  their 
load  to  be  thrust  aside  beyond  the  influence  of  the  reaction  and  thus 
building  up  a  mud  or  sand  jetty  at  a  suitable  distance  for  navigation 
and  automatically  adjusted  to  the  regimen  of  the  stream,  thus  saving 
the  price  of  one  of  the  twin  jetties. 

This  action  is  well  illustrated  in  the  results  at  Aransas,  where  the 
sand  bar  has  been  thrust  aside  and  moulded  without  advancing  sea- 
ward, making  a  counterpart  to  the  breakwater,  and  aiding  in  confining 
the  currents  to  their  natural  path.     Other  instances  will  be  cited  later. 

Brazos  Entrance. — As  attention  is  called  to  the  depths  stated  at  the 
mouth  of  the  Brazos  as  "erroneous  '"  the  writer  begs  to  add  that  he 
hoped  to  find  decidedly  increased  depths  from  the  excessive  fluvial 
discharge  of  last  July's  floods,  and  hence  wrote  to  Texas  to  learn  the 
results.  A  perfectly  reliable  authority  replied,  as  stated  in  the  paper, 
and  on  this  condition  a  comj^arison  was  predicated.  That  it  is  substan- 
tially correct  is  confirmed  by  the  letter  of  Mr.  Dorchester,  cited  by 
Mr.  Corthell,  stating  that  it  had  shoaled  to  "15  ft."  (It  must  have 
been  at  this  date  that  the  inquiry  was  reported.)  "Subsequently 
deepened  to  18  ft.''  The  letter  adds:  "Bar  entirely  outside  of  jet- 
ties," etc.  This,  then,  is  still  an  incomplete  work,  and  no  final  con- 
clusions should  be  drawn.  The  writer  has  always  had  confidence  in 
the  twin  jetties,  as  designed  and  partially  built  for  this,  the  most 
promising  river  m  Texas,  for  the  application  of  this  method.  It  is 
somewhat  similar  to  Tampico,  where  Mr.  Corthell's  work  has  proven 
entirely  successful.  No  "  attack  "  is  made  on  old  methods,  where 
properly  applied,  but  it  should  be  remembered  that  science  is  jjro- 
gressive,  and  in  suggested  improvements  defects  of  existing  methods 
may,  with  projiriety,  be  jjointed  out,  for  the  jourpose  of  emphasizing 
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Mr.  Haupt.  aud  illustrating  tlie  particular  applications  of  the  new.  This  does  not 
mean  an  unqualified  condemnation  of  the  old,  and  is  in  strict  con- 
formity with  the  law  of  evolution. 

As  early  as  Novemlser  19th,  1888,  Mr.  Corthell  very  kindly  received 
the  writer's  publications  and  jilans,  returning  them  with  the  remark: 

"  They  are  all  very  interesting  and  you  have  certainly  done  an  im- 
mense amoiint  of  work  in  collecting  data  relating  to  harbor  phenomena. 
I  cannot  concur  with  you,  however,  in  your  improvement  of  tidal  har- 
bors, and  cannot  bring  myself  to  believe  that  detached  works  such  as 
you  propose  will  obtain  the  depths  required.  *  '■'  *  I  have  no  oc- 
casion to  design  any  works  for  exclusively  tidal  harbors." 

This  was  before  any  results  were  obtained  by  any  works  of  this 
character;  but,  for  lack  of  space,  further  consideration  of  this  valuable 
contribution  must  be  deferred. 

Mr.  Marindin,  physical  hydrograjjher  of  the  Coast  Survey,  recog- 
nizes the  fact  that  streams,  in  carving  out  their  channels  in  alluvium, 
ignore  straight  lines  (which  ai'e  those  of  the  greatest  slope  between 
given  points  in  a  bend),  and  take  to  the  curves  where  they  scour  to 
greater  depths,  as  cited  also  by  Mr.  Eipley.  This  furnishes  another 
answer  to  the  point  raised  as  to  the  velocity  due  to  surface  slope . 
being  the  main  factor  in  cutting  channels,  and  brings  out  the  reaction 
feature  which  has  been  so  little  utilized  hitherto  in  engineering  ap- 
plications. 

New  York  Bai/. — In  referring  to  the  "  Narrows  "  of  New  York  Bay 
to  illustrate  the  effect  of  "reaction  versus  velocity,"  as  a  cause  for  the 
observed  effect,  the  writer  quoted  from  memory  impi-essions  gleaned 
some  12  years  before  from  the  reading  of  a  manuscript  report  by  Pro  • 
fessor  Henry  Mitchell,  on  the  physics  of  this  bay.  This  report  was 
made  in  1858-59,  and  revised  in  1862,  but  was  not  published.  The  follow- 
ing extract  therefrom  is  made  by  the  courtesy  of  Professor  Mitchell : 

"  The  greatest  depth  of  water  was  found  at  Station  G  (Fig.  6)  in  the 
NarroAvs,  and  here  our  lowest  point  of  observation  was  92  ft.  from  the 
surface.  At  this  depth  we  found  the  flood  current  prevailing  ten  (10) 
hours  out  of  the  twelve  (12)  giving  place  to  the  ebb  only  at  the  most 
rapid  fall  of  the  tide.  The  flood  stream,  coursing  along  the  bottom, 
reaches  its  maximum  velocity  near  the  time  of  high  Avater;  the  highest 
rate  observed  being  1.82  miles  per  hour,  a  powerful  scouring  force  ! 
The  greatest  velocity  of  the  ebb  at  the  same  point  was  observed  to  be 
0.25  mile  per  hour,  a  force  which  according  to  the  observations  of 
Dubuat  is  incapable  of  overcoming  the  rolling  friction  of  fine  sand. 

"  The  surface  observations  at  this  station  indicate  a  very  great  i^re- 
ponderance  of  the  ebb  current,  but  it  does  not  prevail  so  persistently 
as  the  flood  in  the  lower  stratum." 

These  resultants  are  more  clearly  illustrated  by  the  diagram,  Fig. 
6,  which  accompanied  this  report,  and  which  exhibit  so  forcibly  the 
existence  of  this  great  vertical  eddy  swaying  Avith  the  tide. 

As  the  observations  for  velocity  and  duration  were  at  a  depth  of 
92  ft.,  while  the  bottom  was  102  ft.  below  the  surface,   and  the  flood 
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resultant  increases  with  the  depth,  it  is  probably  nearer  the  truth  to  Mr.  Haupt. 
jplace  its  duration  at  11  hoiirs  on  the  bottom,  as  stated  in  the  paper. 

Is  it  safe  to  presume  that  a  maximum  velocity  of  2.7  ft.  per  second, 
acting  alone,  will  scour  material  from  the  bottom  of  a  hole  102  ft.  deep 
and  will  roll  it  up  a  slope  to  the  level  of  the  bed  of  the  harbor,  prob- 
ably 60  or  70  ft.  higher,  when  similar  velocities  will  not  disturb 
fine  sand  under  6  ft.  of  water  on  a  down  grade?  Certainly,  there  must 
be  some  agency  other  than  mere  velocity  to  explain  this  phenomenon. 
The  cautious  engineer  must  take  it  into  consideration,  and  may  utilize 
it  in  designing  his  works. 

Mr.  Marindin  is  correct  in  his  pi'edictions  as  to  possible  extensions 
of  the  breakwater  in  case  of  extensive  deposits  beyond  the  end  of  the 
works,  but  as  this  is  a  drift  and  wave  bar,  with  a  practically  clear 
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effluent  (excepting  perhaps  during  Northers),  and  as  the  reactionary 
effect  of  the  currents  is  to  displace  material  in  a  lateral  rather  than  a 
longitudinal  direction,  rolling  it  to  one  side  before  reaching  the  outer 
end  of  the  breakwater,  and  as  this  end  curves  so  as  to  create  confluent 
streams  at  certain  stages  of  the  tide  to  maintain  the  movement  of 
whatever  sand  may  be  carried  out,  there  has  been  no  appreciable 
deposit  at  the  outer  end  of  the  work,  nor  any  advance  seaward  of  the 
bar.  The  results  speak  for  themselves.  See  discussion  by  Mr.  Pitts. 
In  a  sedimentary  stream,  a  difterent  curve  and  location  should  be 
adopted,  to  admit  of  greater  possible  extensions.  That  this  is  an  import- 
ant factor  will  be  seen  from  the  rapid  movement  of  the  Galveston  bar, 
resulting  from  the  failure  to  arrest  the  littoral  drift  by  the  construe- 
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Mr.  Haiipt.  tiou  of  the  uoi'th  jetty  first;  or  still  better,  by  the  concave  breakwater 
recommended  by  Mr.  Ripley  in  1883.  The  several  efforts  to  secure 
deeper  water  at  Aransas  by  a  south  jetty  first  also  failed,  because  of 
the  bar  advance  resulting  in  less  depths.  The  effect  is  the  same  as 
that  of  placing  a  snow  fence  on  the  wrong  side  of  a  railroad  cut. 

The  following  is  a  statement  showing  the  advances  of  the  bar  at 
Galveston,  Texas,  as  indicated  by  the  movement  of  the  outer  18-ft. 
contour,  and  is  taken  from  the  bhie  prints  of  official  surveys  made  on 
the  dates  indicated;  measured  from  a  "base"  line  joining  station 
220  +  18  on  the  North  Jetty  with  the  South  Jetty  beacon: 

From    "base"'    to 
18-ft.  contour. 

1894 650  ft. 

"     750  " 

"     1  150  " 

1895 1800  " 

"    1800  " 

"    2  300  " 

"     .    2  200  " 

" 2  350  " 

"     2  550  " 

"     3  300  " 

"     3  850  " 

Depth  in  natural  channel  16  ft.  crossing  south  jetty.  Over  60  000 
ft.  of  jetty  work  in  place  in  1896.  The  increased  depths  in  the  chan- 
nel were  seciired  and  maintained  by  dredging.  The  advance  of  the 
bar  seaward  during  the  year  from  October  4th,  1894,  to  September 
27th,  1895,  was,  therefore,  2  700  ft.  on  a  little  more  than  half  a  mile, 
which  was  unprecedented.  The  bar,  which  was  originally  about  3 
miles  out,  is  now  over  5,  and  still  advancing. 

The  writer  coincides  entirely  with  Mr.  Mariudin's  closing  remarks 
as  to  the  use  of  parallel  jetties  at  the  Brazos,  while  the  case  of  the 
South  or  South  West  Pass  is  too  large  a  problem  to  be  embodied  in  this 
discussion,  and  must  consequently  be  deferred. 

Mr.  Wisner  distinguishes  clearly  the  necessity  of  adapting  the 
remedy  to  the  conditions  as  to  tidal  or  fluvial  embouchement;  also  as 
to  the  need  of  admitting  the  full  tidal  prism  at  flood,  and  confining  it 
during  ebb  to  a  local  path,  thus  changing  materially  the  conditions  of 
equilibrium  over  that  i^art  of  the  bar  intended  for  navigation,  which 
cannot  be  done  at  tidal  inlets  by  two  tight  jetties.  The  attempt  to 
accomplish  it  has  resulted  in  the  waste  of  millions  of  dollars  and  con- 
stant charges  for  maintenance  by  sluicing  or  dredging. 

While  twin  jetties  have  been  successful  at  the  mouths  of  rivers 
having  no  estuaries,  the  writer  does  not  think,  as  already  intimated. 
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that  a  single  well-built  and  properly  placed  reaction  jetty  would  not  Mr.  Haupt. 
produce  quite  as  good  results  where  there  is  a  resultant  littoral  cur- 
I'ent  to  remove  the  debris  and  prevent  the  advance  of  the  bar.  In  fact, 
he  is  familiar  with  several  very  successful  precedents.  To  cite  only 
one,  a  single  curved  jetty  of  3  000  meters  radius  has  deepened  its  bar 
four-fold,  where  "for  centiiries  before  the  struggle  against  the  bar 
consisted  in  i^rolonging  simultaneously  two  jetties  from  either  bank 
of  the  river,  leaving  between  them  a  distance  of  about  500  ft.  But  the 
sands  outran  the  heads  of  the  jetties,  the  flats  were  extended  and  the 
bar  reformed.  *  *  *  Now  (1889j,*  the  bar  has  actually  vanished," 
and  the  tonnage  has  increased  enormously.  From  this  instance  it 
would  appear  that  a  single  concave  curved  breakwater  at  the  mouth  of 
a  river  may  produce  the  relief  desired  at  much  less  cost  than  by  two 
jetties,  and  hence  becomes  the  better  solution.  This  is  also  confirmed 
by  the  experience  at  the  mouth  of  the  Columbia  River  in  Oregon, 
which  was  begun  by  Major  Powell,  Corps  of  Engineers,  U.  S.  A.,  in 
1885,  at  an  estimated  cost  of  $3  710  000  for  a  half-tide  jetty,  to  be  sup- 
plemented by  raising  it  to  high  water,  "  or  by  building  a  short  work 
on  Peacock  Spit  for  an  increase  of  contraction,  "f  The  second  jetty 
was  not  built,  as  it  was  found  necessary  to  raise  the  first  to  high 
water  to  intercept  the  sand  successfully,  and  this,  with  the  drainage 
of  the  Columbia  River,  served  to  produce  suflScient  depth. 

Experience,  thiis  far,  at  Aransas  does  not  indicate  that  the  shoi't 
spur  on  the  west  side  to  the  wreck  of  the  Mary  will  ever  be  required, 
since  the  currents,  even  in  the  present  condition  of  the  work,  are  abun- 
dantly able  to  protect  the  channel  from  the  eddy  action  referred  to, 
and  the  fact  that  the  breakwater  is  detached  from  shore  modifies  this 
action  greatly.  The  currents  have  built  their  own  protecting  barrier 
of  sand  without  cost  to  anyone  or  injury  to  navigation. 

The  jetties  at  Galveston,  Cumberland  Sound  and  other  points  are 
l^laced  too  far  apart  to  co-act  in  producing  scour.  This  results  from 
the  desire  to  admit  as  much  of  the  flood  tide  as  jDOssible  and  therefore 
lessens  greatly  the  concentration  at  ebb,  and,  since  both  flood  and  ebb 
movements  follow  the  same  path  through  the  same  area  of  cross-section, 
there  is  no  beneficial  resultant,  and  dredging  becomes  a  necessity, 
while  the  bar  moves  seaward  at  a  more  rapid  rate  than  before.  This 
is  not  similar  to  the  flood  and  ebb  in  a  river  where  there  is  a  resultant. 

A  few  words  as  to  Cumberland  Sound,  by  way  of  ilhxstration.  The 
plan  of  1879,  as  revised  in  1891,  consisted  of  two  low  jetties  of  stone, 
having  their  outer  ends  parallel  and  about  3  900  ft.  apart.  Work  was 
commenced  in  1881.  The  expenditure  to  July  1st,  1890,  amoimted  to 
S479  550.28.     The  results  were  "  considerable  shoaling. "     The  channel 

*  Memoire,  Soci6te  des  Ing6nieurs  Civils,  etc. 

t  In  closing  the  discus.'^ion  on  Grays  Harbor  in  ]  896  it  was  stated  that  the  writer  was 
in  error  on  the  proposition  to  use  two  jetties  at  the  mouth  of  the  Columbia,  and  there 
was  no  opportunity  to  state  the  authority,  which  is,  therefore,  quoted  as  above. 
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Mi-.::Haupt.  divided,  the  southerly  one  having  "  13  ft.  at  mean  low  water  the  same 
as  re23orted  last  year."* 

In  reporting  on  this  site,  in  1879,  General  Gillmore  said  "the 
draught  of  water  that  can  be  carried  over  the  Fernandina  Bar  (Cumber- 
land Sound)  varies  from  11  to  12^  ft.  at  mean  low  tide,  with  exceptional 
depths  1  ft.  greater,  and  a  mean  tide  of  about  6  ft."  Estimated  cost 
^2  071023  to  "give  a  low-water  depth  in  the  new  channel  of  20  to 
21ft." 

The  present  depths  between  jetties,  as  shown  by  the  chart  of  18981 
is  less  than  6  ft.,  and  there  has  been  approjiriated  .fl  787  500.  Hence 
it  follows  that  for  each  of  the,  say,  ()  ft.  of  depth  lost  between  the  jet- 
ties the  cost  has  been  about  $298  000,  while  it  was  estimated  originally 
that  each  foot  of  depth  gained  should  have  cost  (estimating  on  8ft.) 
$260  000,  making  a  diiference  of  $558  000  per  foot  between  the  predic- 
tions and  realities.  The  actual  increase  obtained  by  dredging  south 
of  the  jetties,  as  reported,  w-as  2  ft.,  making  the  cost  per  foot  $893  750 
for  a  temporary  resiilt  secured  after  about  nineteen  years  of  effort.  | 

On  June  30th,  1897,  the  crossing  on  the  bar  half  a  mile  south  of  the 
jetties  gave  "depths  of  only  about  13  ft."  Captain  Carter  then 
reported  that  the  project  has  "proved  unsuccessful  for  the  sole  reason 
that  funds  have  not  been  sujjplied  regularly  and  in  adequate 
amounts,"  whereas,  in  the  writer's  opinion,  the  location  and  design  of 
the  jetties  was  largely  responsible. 

In  submiting  his  revised  plan,  dated  October  8th,  1890,  Cai^tain 
Carter  recommended  a  concave  wall  on  the  north  side  of  the  channel, 
thus  intending  to  dispense  with  the  southerly  jetty.  This,  he  says, 
would  involve  "the  i-emoval  of  the  central  portion  of  the  South  Jetty, 
which  is  improperly  located."  For  this  plan,  including  the  removal  of 
a  portion  of  the  South  Jetty,  the  estimate  was  $1  108  000,  while  for  the 
original  plan  the  estimate  was  nearly  double;  yet,  after  revision, 
"  the  Board,  after  consideration  of  all  the  conditions,  does  not  advise 
any  radical  change  in  the  general  direction  of  the  jetties  as  originally 
proposed.  It  does  not  think  that  a  single  jetty  on  the  north  side  of 
the  channel,  curving  gently  to  the  south, would  secure  the  deep  water 
needed,  but  is  of  opinion  that  two  jetties  will  be  necessary,"  etc. 

In  view  of  this  opinion  it  may  be  instructive  to  add  that  the  last 

report  available  (surveys  of  June,  1898)  shows  only  5.9  ft.  between  the 

jetties,  instead  of  13  ft. ,  while  the  present  channel  crosses  the  south 

one,  the  outer  end  of  which  serves  to  protect  a  crossing  which  has 

been  opened  on  the  bar  by  dredging  under  its  lee;  so  that  the  two 

jetties   are   absolutely  useless   for   concentration    and  scour,  serving 

merely  as  sand  arresters,  and  are  serious  obstructions  to  the  currents 

which  they  cross. 

*  Report,  Chief  of  Engineers,  U.  S.  A.,  1891,  p.  1.560,  et  seq. 
+  Report,  Chief  of  Engineers,  U.  S.  A.,  1898,  p.  1326. 

t  The  cost  of  the  dredging  is  not  stated,  but  as  it  is  not  permanent  and  should  be  capi- 
talized, say,  at  3.?^,  it  will  probably  not  differ  greatly  from  $35  000,  the  interest  on 
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The  project  was  revised  again  in  1895,  and  estimated  to  cost  Mr.  Haupt. 
$2  350  000;  and  in  1897  it  was  recommended  that  dredging  be  com- 
menced in  accordance  with  the  adopted  project,  ^50  OOU  being  appro- 
priated for  the  purpose.*  Work  on  the  jetties,  by  the  Atlantic  Con- 
tracting Comi:)any,  was  suspended  on  October  9th,  1897.  The  dredge 
boat  could  not  work  between  the  jetties  because  of  the  shallow  depth, 
so  it  worked  south  of  the  South  Jetty.  A  clam-shell  dredge  was  also 
put  to  work  to  oj)en  a  channel  through  the  South  Jetty  to  a  depth  of 
about  15  ft.  The  next  season  a  channel  of  17  ft.  dejjth  was  opened  by 
dredging  the  bar  up  to  the  jetty,  but  it  shoaled  up  during  the  follow- 
ing mouths.  The  results  secured,  therefore,  are  wholly  due  to  dredg- 
ing, and  are  temporary  in  character. 

It  remains  to  connect  the  recommendations  of  Captain  Carter,  of  a 
single  curved  wall  or  breakwater  in  October,  1890,  and  its  rejection  by 
the  Board,  with  the  plans  of  the  writer,  by  stating  that  these  plans  were 
mailed  to  Captain  Carter,  then  in  charge  of  Cumberland  Sound,  at  his 
request,  on  May  5th,  1888,  followed  by  the  discussion  of  the  adverse 
rejjort  of  the  Board  on  the  writer's  plans,!  March  28th,  1889,  yet, 
after  a  careful  study  of  the  local  conditions,  in  the  light  of  the  facts 
therein  contained,  he  (Carter),  without  the  knowledge  or  advice  of  the 
writer,  concluded  to  recommend  their  adaptation  to  his  problem,  but 
which  the  Board  declined  to  endorse,  with  the  results  as  above.  It  is 
probably  this  action  which  Mr.  Wisner  chai-acterizes  as  "the  deadly 
wisdom  of  the  Engineer  Board  *  *  *  which  proved  fatal  to  the 
project." 

The  opening  paragraph  of  Major  Symons'  contribution  creates  the 
impression  that  he  is  unable  to  distinguish,  as  was  also  the  Board  of 
Engineers  of  1889,  between  a  reaction  breakwater,  placed  on  the  crest 
of  the  bar  and  having  a  specific  form  and  position,  and  an  ordinary 
jetty  having  its  root  on  shore  and  projecting  as  a  groin  into  the  sea; 
but  the  distinction  is  radical  and  vital,  and  it  would  seem  that  the 
mere  assertion  of  the  lack  of  originality,  as  an  opinion,  should  have 
but  little  weight  when  not  supported  by  reference  to  the  alleged  pre- 
cedents, which  neither  he  nor  the  Board  have  seen  fit  to  quote. 
Neither  has  the  writer,  after  diligent  search  through  an  extensive 
field  of  harbor  literature,  been  able  to  discover  any  anticipation,  even  , 
apjjroximate,  save  that  of  Major  Eipley  as  proposed,  but  never  built, 
at  Galveston. 

In  view  of  the  claims  made  in  this  part  of  the  discussion  as  to  the 
single-jetty  work  done  on  the  Pacific  Coast  by  Major  Symons,  the 
writer  feels  constrained  to  state  that  it  is  believed  all  of  his  work  was 
planned  subsequent  to  the  publication  of  the  plans  and  the  discuss- 
ions provoked  thereby. 

*  Report,  Chief  of  Engineers,  U.  S.  A.,  1898,  page  1334. 

t "  Discussion  of  the  Dynamic  Action  of  the  Ocean  in  Building  Bars,  being  a  reply  to 
the  Report  of  the  Board  of  Engineers,  U.  S.  A.,"'  Proceedings,  Am.  Phil.  Soc,  March, 
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Haupt.  The  instance  of  Grays  Harbor  cited  was  not  discussed  until  about 
nine  years  after  the  writer's  earlier  papers  appeared,  and  if  "it  is  in 
every  essential  respect  such  a  reaction  breakwater  as  described,"  as 
stated  by  Major  Symons,  then  it  does  not  furnish  a  j^recedent,  but 
rather  a  remarkable  confirmation  of  the  soundness  of  the  writer's 
plans,  and  becomes  as  well  an  infringement  upon  his  property  rights 
to  his  idea. 

As  the  writer  stated  his  views  in  the  discussion  of  1896,  it  will  suffice 
to  refer  to  the  Transactions*  of  this  Society  in  reply  as  to  the  expecta- 
tions; but  the  subsequent  work  done  there  will  serve  to  show  how  little 
actual  resemblance  there  is  to  the  reaction  breakwater,  for  the  jetty  is 
built  on  the  south  side,  is  connected  with  the  shore,  is  straight  for  a 
considerable  distance,  whence  it  curves  away  from  the  channel  (or  is 
convex,  not  concave),  is  intended  to  be  3^  miles  long,  is  estimated  to 
cost  $1000  000  and  is  expected  to  produce  24-ft.  depths.  In  other 
Avords,  it  is  not  solely  a  tidal  harbor;  no  jjrovision  is  made  for  chang- 
ing the  equilibrium  of  ebb  and  flood  or  for  the  development  and  utili- 
zation of  the  reaction  of  the  ebb  currents,  while  only  a  partial  barrier 
is  opposed  to  littoral  drift  by  this  structure,  which  is  so  different  in 
plan  and  location  from  that  under  consideration. 

The  ruling  depth  shown  in  the  chart  of  1896  was  13  ft.,  and  that  in 
the  rejjort  of  1898  remains  the  same,  while  the  proposed  jetty  crosses 
the  channel.  It  would  therefore  seem  to  be  a  repetition  of  the  un- 
fortunate Government  experience  at  Aransas  Pass  in  1885,  excepting 
that  the  outer  end  of  the  jetty  is  convex  to  the  channel  instead  of 
concave,  which  is  so  much  the  worse  for  the  channel.  At  all  events, 
since  the  jetty  is  not  yet  completed  and  no  results  are  available,  it 
does  not  seem  to  bear  at  all  on  the  question  of  a  precedent  as  to  tidal 
scour  resulting  therefrom.  This  is  confirmed  by  the  admission  that, 
after  all,  double  jetties  may  be  required  there,  and  they  are  estimated 
to  cost  $2  500  000.  t 

The  next  reference  given,  as  anticipating  the  writer's  plans,  is  the 
single  jetty  at  Coos  Bay,  located  and  built  under  the  writer's  dii'ection 
and  supervision,  1890  to  1895,  which  is  a  "  reaction  breakwater,"  etc. 
Here,  again,  there  is  a  lapsus  in  the  chronology,  since  the  plans  of  the 
writer  were  published  in  1887-88.  How  far,  therefore,  Coos  Bay  may 
be  an  anticipation  or  even  an  embodiment  of  those  jirinciples  may 
be  seen  by  a  brief  reference  to  its  history. 

The  annual  report  of  Captain  Powell,  1886,  says: 

"  The  plan  is  to  build  a  half-tide  jetty  or  deflecting  dike  about 
2  400  ft.  long,  *  *  *  inside  of  the  entrance,  on  a  slightly  curved 
line  toward  Coos  Head.     *     *     *  " 

The  amount  expended  is  $128259.25.  The  original  estimate  of  cost 
is  $600  000. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  1896,  p.  109. 

+  Discussion  by  Mr.  Allardt,  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  1896. 
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This  is,  therefore,  ouly  a  wing  dam  built  on  the  bank  of  the  stream  Mr.  Haupt. 
inside  of  the  bar.     It  was  soon  "  submerged  "  and  injured  and  "  jetty 
operations  were  last  closed  in  December,  1884." 

At  this  point  there  is  a  rocky  headland  on  the  south  and  a  sand 
sjjit  on  the  north.  It  is  said  that  "  about  once  in  5  years  the  outflow 
sought  a  shorter  line  by  a  breach  through  the  north  sijit,"  etc.  Depth 
at  low  water,  14  ft.  The  report  of  1898,  made  by  Major  Fisk,  Cori^s 
of  Engineers,  U.  S.  A.,  says:* 

"The  present  approved  projectf  provides  for  constructing  two, 
high-tide,  rubble-stone  jetties  to  obtain  and  maintain  at  the  entrance 
to  the  bay  a  low-water  bar  depth  of  at  least  20  ft.  The  North  Jetty  to 
be  9  600  ft.  long  and  the  South  Jetty  4  200  ft.  long." 

It  also  provides  for  sand  fences  on  the  north  spit.  Estimated  cost, 
$2  466  412.20,  independent  of  the  S213  750  expended  on  the  original 
project.  "All  oi^erations  have  been  confined  to  the  North  Jetty.  *  *  *  " 
The  channel  was  well  south  of  the  jetty,  but  it  has  since  moved  grad- 
ually back  to  its  normal  position  nearly  parallel  to  the  line  of  the 
jetty. 

The  map  accompanying  the  report  of  1891  %  shows  the  plan  to 
consist  of  two  jetties,  the  north  one  extending  from  the  sand  spit 
southwardly,  to  canalize  the  effiuent,  then  curving  in  a  long  sweep, 
convex  to  the  channel  and  extending  seaward  in  a  straight,  westerly 
line  parallel  to  the  companion  jetty  as  proposed  from  Coos  Head 
and  1  500  ft.  distant  therefrom.  This  chart  bears  the  signature  of 
Captain  Symons,  and  is  dated  1891.  It  contains  the  following- 
legend  : 

"To  construct  two  brush  and  stone  jetties  converging  upon  and 
crossing  the  crest  of  the  bar  at  a  distance  apart  of  1  500  ft.     *     *     *" 

Mean  tide,  5  ft.  6  ins.  Soundmgs  in  feet  show  a  minimum  dejath  of 
19  ft.,  so  that  whatever  results  were  secured  at  Coos  Bay  at  that  date 
were  due  solely  to  the  renewal  and  extension  of  the  Powell  inner 
jetty  of  1879,  for  which  the  twin  jetties  were  substituted  by  the  Board 
of  1889,  and  which  were  not  in  existence  in  1891.  Naturally,  under 
this  project,  the  proper  order  of  procedure  would  be  to  build  the 
North  Jetty  first,  as  was  done,  thus  controlling  the  movements  of  the 
spit  and  protecting  the  channel;  and  this  work,  with  the  rocky  head- 
land, should  suffice,  if  well  placed,  to  maintain  the  requisite  dej^th, 
with  the  assistance  of  the  ample  tide  and  rapid  land  drainage,  so 
characteristic  of  the  Pacific  Coast.  By  this  date,  probably  over  a  mile 
of  this  jetty  has  been  completed,  and  to  June  30th,  1896,  the  sum  of 
$738  750  was  appropriated,  but  the  gain  in  depth  resulting  therefrom 
is  not  stated  in  this  discussion.  The  Eejaort  of  1898  states,  however, 
"  During  the  past  year  the  channel  over  the  bar  had  a  depth  ranging 

*  Report,  Chief  of  Engineers,  U.  S.  A.,  for  1898,  p.  2963. 

t  See  Report,  Board  of  Engineers,  Officers,  1890,  pp.  2936-65. 

t  Part  V,  facing  page  3162. 
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Mr.  Haupt.  from  18  to  22  ft.  at  mean  low  water,"  while  the  Report  of  1892  also 
states  that  at  various  times  there  were  depths  of  18  ft.,  and,  when  the 
channel  was  1  000  ft.  further  soiith,  there  were  27  ft.  at  low  water 
across  the  bar.  As  there  were  19  ft.  of  water  shown  on  the  chart  of 
1891  before  the  North  Jetty  was  started,  it  is  difficult,  therefore,  to  see 
wherein  it  has  materially  aided  in  deepening  the  channel  by  natural 
scour,  even  with  the  large  volume  of  tidal  and  fluvial  waters  available. 

In  short,  the  North  Jetty  as  built  at  Coos  Bay  is  in  no  sense  a  reac- 
tion breakwater,  such  as  is  partially  completed  at  Aransas  Pass,  and 
the  writer  fails  to  understand  how  a  structure  which  did  not  exist  in 
1891  when  the  depths  shown  prior  thereto  varied  from  19  to  27  ft.  can 
be  said  to  have  developed  a  deep  bar  channel  when  the  reported  depths 
at  date,  1898,  were  18  to  22  ft. 

Neither  is  the  jetty  at  the  mouth  of  the  Columbia  a  "reaction 
breakwater,"  according  to  the  writer's  views  and  purj^oses.  It  is 
merely  a  sand  barrier  serving  to  arrest  the  littoral  drift  and  thus 
reducing  the  work  to  be  done  by  the  ebb  stream ;  but,  as  its  outer  end 
curves  away  from  the  channel,  its  reactionary  effects  are  lost  and  its 
efficiency  reduced.  Moreover,  the  physical  conditions  as  to  its  being 
exclusively  tidal  are  wholly  dissimilar. 

The  allusion  to  San  Diego  appears  to  be  equally  unfortunate  as  an 
attempt  to  establish  a  precedent.  In  1891,  it  was  reported  that  "  The 
approved  i^roject  contemplates  the  construction  of  a  jetty  about  7  500 
ft.  long  on  Zuninga  Shoals,  so  as  to  give  a  depth  of  26  ft.  at  mean  low 
water  over  the  bar,  the  present  depth  at  the  same  stage  being  21 
feet."* 

There  was  already  another  but  crooked  channel,  having  36-ft. 
depths,  and  it  was  i)roposed  to  create  a  new  one  in  a  different  place 
by  building  a  breakwater  from  Coronado  Island  to  cut  off  the  drift 
and  to  deepen  to  "21  ft."  by  dredging. 

Work  on  the  jetty  was  commenced  in  September,  1893,  and  the 
latest  report  at  hand,  1898,  states: 

"No  work  was  done  diiring   the  fiscal   year  ending   June,    1898. 
There  is  now  an  available  depth  of  21  ft.  at  mean  low  tide.     *     *     * 
Total  cost  to  June  30th,  1898,  $289  741.35." 

Hence  there  is  no  impx'ovement  in  depth  and  no  similarity  of  condi- 
tions to  those  at  Aransas,  while  the  entii'e  project  was  executed  subse- 
quent to  1887. 

On  this  basis  this  analysis  might  be  extended  indefinitely,  but  the 
writer  believes  that  his  statement,  as  made,  remains  unshaken;  that 
the  incomplete  work  at  Aransas  marks  "a  distinct  advance  in  the 
resources  of  maritime  engineers  ";  and  he  appreciates  the  force  of  the 
concession  made  by  Major  Symons  in  his  opening  paragraj^h  that  "some 
of  the  most  successful  works  of  the  Corps  have  been  accomplished  by 
adopting  in  the  main  the  principles  enunciated  by  Professor  Haupt," 

*  Report,  Chief  of  Engineers,  U.  S.  A.,  for  1891,  p.  3961. 


DISCUSSION    ON    REACTION    BREAKWATER.  543 

even  thoiigli   the   references  cited   do  not  appear  to  show  very  great    Mr.  Haupt. 
improvements,  if  any,  nor  an  adaptation,  to  any  considerable  extent, 
of  the  principles.     But  the  intentions  are  unquestionably  good,  even 
though  the  princij^les  may  not  have  been  correctly  applied. 

In  reference  to  the  alleged  precedents  on  the  North  Pacific  Coast  it 
should  be  noted,  moreover,  that  Major  Symons  states  that  the  move- 
ment of  the  channel  at  Coos  Bay  was  to  the  "  Northward,"  and  hence 
the  jetty  was  placed  on  the  north  or  far  side  thereof,  while  at  Grays 
Harbor  the  "  channel  had  an  imswerving  tendency  to  move  from 
north  to  south,  etc."  "The  jetty  was  located  to  interpose  itself 
against  this  southerly  movement  with  the  hope  and  belief  that  the 
pressure  to  the  soiith  would  continue."  This  jetty  was,  therefore, 
placed  on  the  far  or  south  side  of  the  channel.  Thus,  in  both 
instances,  they  are  directly  opj^osed  to  the  location  as  adopted  at 
Aransas,  where  the  jetty  was  purposely  placed  between  and  not  beyond 
the  resultant  littoral  and  the  channel,  with  such  decidedly  beneficial 
results,  while,  m  all  other  cases  of  Government  work  on  the  Gulf,  the 
first  jetty  was  constructed  on  the  far  side  of  the  natural  channels, 
with  disastrous  results  and  greatly  increased  cost.*  This  erroneous 
location,  on  the  far  side,  increases  the  work  of  the  ebb  instead  of 
diminishing  it,  by  permitting  the  littoral  forces  to  carry  material  into 
the  channel  instead  of  arresting  it  on  the  near  side,  which  is  a  funda- 
mental condition  of  the  design  and  location,  which  does  not  appear  to 
have  been  fully  comprehended  or  apjilied  by  the  engineers  of  those 
works.  Yet  the  writer  has  laid  it  down  as  the  first  desideratum,  viz., 
to  keeji  the  littoral  drift  from  entering  the  channel.  A  jetty  on  the 
far  side  does  not  meet  this  condition,  and  is  therefore  no  anticipation 
of  either  the  principle  or  its  application. 

While  claiming  similarity.  Major  Symons  goes  on  to  show  radical 
differences,  and  the  reasons  therefor..  He  calls  attention  to  straight 
jetties  built  ostensibly  to  cause  erosion  and  yet  having  "  groins  on  the 
channel  side  to  protect  them  from  undue  erosion,"  thus  destroying  in 
large  part  their  efiiciency.  That  the  work  at  Aransas  has  withstood 
storms  for  over  three  years  without  material  subsidence  is  a  sufficient 
answer  to  the  query  as  to  how  it  was  built.  That  was  one  of  the  pur- 
poses of  its  plan,  and  with  the  submerged  Government  jetty  reflecting 
the  currents  against  its  face  it  may  well  excite  surprise  that  it  has  not 
been  undermined  long  ago.  The  gaps  are  undoubtedly  a  serious 
menace  to  the  work.  They  were  left  by  the  Harbor  Company  and 
were  beyond  the  control  of  the  engineers,  yet,  notwithstanding  the 
losses  of  water  and  entrance  of  sand  through  them,  the  deepening  of 
the  channel  has  been  continuous.  To  build  the  sill  G  E,  as  suggested 
by  the  Board  of  Engineers,  and  endorsed  by  Major  Symons,  would,  to 

*  Vide  discussions  on  Sabine  Pass,  Galveston,  etc.,  in  Journal,  Franklin  Institute, 
and  in  Proceedings,  Ain.  Soc.  C.  E. 
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Mr.  Haupt.  a  large  extent,  destroy  the  preponderance  of  the  ebb  movements 
which  the  writer  desired  to  create;  cause  the  groin  to  fill  with  sand, 
the  shore  line  to  extend  seaward,  to  deliver  its  drift  in  front  of  the 
channel,  and  re-create  the  bar  in  front  ^of  the  breakwater.  All  of 
which  are  to  be  avoided  as  injurious. 

The  ojaening  at  the  shore  end  was  commended  by  H.  L.  Marindin, 
M.  Am.  Soc.  C.  E. ,  Assistant  on  the  Coast  Survey,  as  early  as 
December  26th,  1889,  when  he  reported  to  the  Superintendent,  as 
follows : 

"One  of  the  good  features  in  Professor  Haupt's  theory  is  his  objec- 
tion to  the  closui-e  of  beach  or  flood  channels.  This  is  a  strong  point 
in  his  system  and  it  is  in  contradistinction  to  the  plans  generally  sub- 
mitted by  engineers. " 

This  strong  point  the  Board's  plan  would  destroy.  Mr.  Marindin 
evidently  has  seen  no  reason  to  modify  this  opinion  since.  In  none  of 
the  cases  cited  by  Major  Symons  is  this  salient  feature  present,  neither 
is  the  concavity  for  reaction;  nor  the  peculiar  combination  of  curves 
intended  to  reinforce  and  protect  the  work  from  wave  action  on  the 
one  side  or  too  great  erosion  on  the  other. 

The  writer  does  not  claim  that  the  combination,  as  partly  built  at 
Aransas,  is  a  panacea  for  all  ills  nor  that  all  its  features  are  at  all  times 
"essential,"  but  for  tidal  inlets  he  does  believe  that  the  results,  un- 
der peculiarly  adverse  circumstances,  stand  unrivalled  in  the  history 
of  maritime  works,  and  that  its  intelligent  application  will  effect  far 
more  rapid  and  i^ermanent  results  at  much  less  cost  than  twin  jetties 
as  now  applied. 

If  the  writer  comprehends  clearly  the  drift  of  the  argument  sub- 
mitted by  Major  Ripley  it  is  to  show  that  the  principles  embodied  in 
the  peculiar  structure  built  at  Aransas  Pass  are  not  novel,  but,  as  the 
writer  has  made  no  claim  to  having  discovered  new  laws  or  applied 
new  principles,  he  need  make  no  other  comment  than  to  call  attention 
to  the  new  embodiment  of  these  old  principles  in  the  breakwater 
which  was  located  here  with  the  assistance  of  Messrs.  Ripley  and 
Wisner. 

In  the  ancient  harbor  of  Swiuemunde  referred  to,  however,  there 
will  be  found  some  material  differences  between  the  curved  jetties  in 
pairs  at  the  mouths  of  sounds  having  large  fluvial  water  compart- 
ments with  several  inlets  and  the  case  in  point.  The  extract  from 
General  Gillmore's  report  of  1881  shows  two  jetties,  both  curved 
and  rooted  to  the  coast  line,  which  it  is  asserted  were  "entirely 
successful,"  yet  "  requiring  the  frequent  use  of  dredging  machines." 
This,  certainly,  is  a  very  different  construction  and  result  from  that 
at  Aransas,  where  there  has  been  a  marked  increase  from  a  single 
detached  structure,  without  dredging,  and  which  has  been  constantly 
deepening. 
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The  progressive  improvement  at  Aransas,  dne  to  scour  alone,  may  Mr.  Haupt. 

be  seen  from  the  following  surveys  and  reports : 

Depth 
on  Bar. 
M.  L.  W. 

Survey  of  December  10th,  1896 6.5     ft. 

"  February  2d,  1897 8.0      " 

Old  jetty  breached  (500  ft.  in  length)  between  December, 
1896,  and  May,  1897: 

Survey  of  June  8th,  1897 8.75    " 

'^  November  5th,  1897 9.25    " 

Eeconnaissance,  February  5th,  1898 10.00    " 

Pilots  reported,  June  15th,  1898 11.00    " 

August  29th,  1898 12.00" 

"  "  (by  telegram)  January  4th,  1899 13.3      " 

United  States  Coast  Siirvey,  February  11th,  1899 15.0      " 

These  are  the  depths  entirely  across  the  bar,  with  dejiths  on  both 
sides  of  the  old  Government  obstruction  of  over  22  ft. 

The  writer  would  be  pleased  to  go  more  fully  into  the  details  of  the 
harbor  works  on  the  Baltic,  and  make  public  some  very  interesting  old 
charts,  covering  several  centuries,  secured  during  his  visit  to  these 
ports,  but  the  length  of  this  discussion  is  already  too  great.  Suffice 
it  to  submit  a  few  excerpts  from  the  report  of  Assistant  Davidson,  in 
1875,  showing  the  local  conditions  at  Swinemiinde.  From  this  it 
appears  that  the  longer  mole  is  on  the  side  to  "  windward  "  as  regards 
the  drift  and  not  to  leeward;  there  are  also  the  usual  phenomena  attend- 
ing jetties  in  pairs,  but  the  channel  is  more  permanent  and  more  easily 
maintained  because  of  its  curvature  being  concave  to  the  channel. 

Swinemunde  on  the  Baltic* — The  Sound  has  three  outlets.  There  is 
no  tide  in  the  Baltic  save  that  created  by  winds.  In  1828,  the  depth 
was  6  ft.  There  is  a  constant  current  out  from  Stettiner  Sound,  sup- 
plied by  fresh  water  from  the  rivers  Oder,  Ihna  and  Ueker.  The 
channel  at  24  ft.  depth  is  not  quite  175  yds.  (525  ft.)  wide.  Two  ocean 
steamers  can  pass  without  difficulty. 

"  The  artificial  channel  is  composed  of  two  nearly  parallel  moles  of 
unequal  length  *  *  *  curving  well  to  the  westward.  The  outer 
mole  is  115°  of  a  circle  having  only  2  000  yds.  (6  000  ft.)  radiiis,  and  for 
two  miles  the  deep  water  scours  directly  under  its  wall." 

The  west  pier  has  no  parapet.  The  gales  of  1874  and  1875  carried 
away  250  ft.  of  the  east  parapet  bodily  into  the  channel.  The  piers 
have  been  prolonged  several  times  as  the  deposits  have  taken  place. 
The  beach  has  made  1  050  yds.  seaward.  What  littoral  drift  there  is 
seems  to  prevail  fi-om  the  eastward,  and  the  deposit  on  the  westward  is 
partly  from  the  Sound  and  partly  from  the  littoral  drift,  but  the 
increased  dei3th  is  not  wholly  due  to  the  piers,  but  in  part  to  the  con- 
*  Notes  from  the  Report  of  George  Davidson,  Assistant,  U.  S.  Coast  Survey,  1875,  p. 
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Mr.  Haupt.  stant  use  of  a  small  dredger.  The  cost  is  quite  moderate  and  the 
results  the  most  favorable  yet  seen  upon  a  coast  subject  to  heavy  gales. 
In  conclusion,  therefore,  the  writer  is  unable  to  find,  in  the  cases 
cited,  a  solitary  instance  of  a  tidal  entrance  where  there  is  a  detached, 
concave,  single,  reaction  breakwater,  which  has  effected  so  great  scour, 
in  so  short  a  time,  with  no  assistance  from  dredging,  in  the  face  of 
an  almost  fatal  obstruction,  and  at  so  little  cost.  If  such  a  precedent 
is  known  to  exist  he  would  be  grateful  to  learn  of  its  location. 

In  view  of  the  results  already  attained  by  this  reaction  breakwater 
and  of  the  efforts  which  have  been  made,  firg^t,  to  prevent  its  introduc- 
tion; and,  subsequently,  to  so  modify  it  as  to  destroy  its  practicability, 
he  believes  that  the  work  should  be  carried  to  completion  ujjon  the 
original  plan  as  a  contribution  to  science  and  a  demonstration  of  its 
ultimate  efficiency.  It  is  self  evident  that  if  equally  good  results  can 
be  obtained  by  so  inexpensive  a  work,  without  dredging,  many  millions 
of  dollars  may  be  saved,  while  the  barriers  which  have  so  long 
obstructed  our  commerce  may  be  removed  much  more  rapidly. 
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WITH    DISCUSSION. 

Many  specifications  for  railroad  bridges  do  not  make  sufficient 
provision  for  counterstresses.  The  term  counterstresses  must  be 
understood,  in  what  follows,  to  apply,  not  only  to  the  stresses  in 
the  counters,  but  to  all  stresses  from  the  action  of  the  combined  dead 
and  live  loads  (including  the  effect  of  shock,  sudden  application, 
etc.),  which  are  of  a  reverse  character  to  the  stresses  from  dead  load 
alone. 

In  a  good  modern  specification  the  unit  stresses  allowed  are  so  low 
that,  except  for  the  counterstresses,  a  bridge  designed  and  built  in 
accordance  therewith  could  reasonably  be  expected  to  be  able  to  carry 
without  serious  injury  a  live  load  at  least  twice  as  great  as  the  live 
load  specified. 

In  view  of  the  great  increase  which  has  been  and  is  now  taking- 
place  in  the  weights  of  locomotives  and  trains,  not  to  mention  other 
pertinent  considerations,  the  wisdom  of  requiring  this  seeming  sur- 
plus of  strength  will  hardly  be  questioned,  yet,  as  regards  counter- 
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stresses,  many  otherwise  good  specifications  make  no  such  provision 
for  increased  loads. 

This  defect  is  i^robably  due  in  most  cases  to  the  failure  of  the 
authors  of  the  specifications  to  realize  that  a  provision  for  possible 
increase  in  loading,  which  is  adequate  for  all  other  stresses,  may  be 
entirely  inadequate  for  counterstresses. 

To  assist  in  the  consideration  of  this  subject,  the  relations  between 
loads  and  stresses  are  stated  as  follows: 

Calling  L  the  live-load  stress,  D  the  dead-load  stress,  A  the  sec- 
tional area,  and  *Sthe  stress  per  square  inch,  then  for  counterstresses 

S  = -. — ;  for  stresses  other  than  counterstresses  S  = -. — . 

A  A 

From  these  equations  the  following  propositions  are  evident: 

For  stresses  other  than  counterstresses,  if  the  live  load  is  doubled, 
the  stress  per  square  inch  cannot  be  more  than  doubled,  so  that  if  for 
the  original  live  load  the  stress  per  square  inch  was  less  than  half  the 
safe  stress,  the  stress  per  sqiiare  inch  would  still  be  within  safe  limits 
if  the  load  was  dovibled. 

For  counterstresses  any  increase  in  the  live  load  must  make  a 
greater  proportional  increase  in  the  stress  per  square  inch.  If  the  live- 
load  stress  is  but  slightly  larger  than  the  dead-load  stress,  then  even 
a  small  increase  in  the  live  load  may  make  a  very  large  increase  in  the 
intensity  of  the  counterstresses,  while  if  the  live  load  is  slightly 
smaDer  than  the  dead  load,  a  small  increase  in  the  live  load  may 
require  counters  where  none  were  required  under  the  original  live  load. 

If  the  counterstresses  in  a  bridge  are  obtained  by  simply  subtract- 
ing the  dead-load  stresses  from  the  reversed  stresses  for  the  specified 
live  load,  and  the  members  subject  thereto  are  proportioned  by  the 
specified  stress  per  square  inch,  which  is  the  way  prescribed  in  many 
specifications,  and  a  common  practice  among  bridge  designers,  then 
such  members  will  have  a  less  factor  of  safety  as  regards  increase  in 
the  live  load  than  the  other  members  of  the  bridge,  and  the  trusses 
may  in  some  panels  have  no  jiroper  provision  whatever  for  any 
increase  in  the  live  load. 

The  absence  of  a  regular  provision  for  counterstresses  does  not 
necessarily  result  in  immediate  failure  if  the  bridge  is  subjected  to  a 
load  sufficient  to  produce  cotinterstresses,  as  the  stiffness  of  the  chords 
and  floor  system,  and  the  fact  that  the  load  is  generally  but  a  few 
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moments  in  the  critical  position  -wliicli  would  produce  the  counter- 
stresses  may  save  a  bridge  from  seemingly  impending  failure. 

A  case  in  point,  brought  to  the  author's  attention  about  a  year  ago, 
is  that  of  a  300-ft.  span,  shown  in  Fig.  1.  This  span,  for  an  unknown 
period,  had  been  carrying  loads  which,  for  want  of  counters,  would 
temporarily  buckle  the  main  diagonals  "A,"  whenever  a  loaded  train 
crossed  the  bridge. 

As  this  bridge  is  of  a  common  type,  and  has  no  special  features  or 
unusual  stifihess  in  the  chords  and  floor  system  tending  to  supply  the 
place  of  counters,  it  is  fair  to  suppose  that  most  bridges  would 
possess  some  capacity  for  sustaining  loads  if  some  of  the  counters 
necessary  to  a  proper  design  were  omitted.  It  is  to  be  feared,  how- 
ever, that  loads  so  carried  produce  dangerous  strains  in  the  chords 
and  floor  system  which  may  in  time  cause  failure.  Ability  to  carry 
loads  when  there  is  not  proper  provision  for  the  counterstresses,  like 
the  ability  to  resist  stress  after  the  elastic  limit  has  been  exceeded,  is 
a  very  desirable  property  in  a  bridge,  and  may,  in  an  emergency,  save 
it  from  disastrous  failure,  but  it  should  not  be  relied  on  for  sustaining 
the  trafiic,  either  j^resent  or  prospective. 


As  a  bridge  designed  in  accordance  with  recognized  good  practice 
would  be  considered  fairly  safe  as  regards  all  stresses  other  than 
counterstresses,  under  increasing  traffic  up  to  a  point  where  the  live 
load  was  about  double  that  originally  specified,  to  be  consistent, 
proper  provision  should  be  made  for  the  counterstresses  produced  by 
a  live  load  of  at  least  double  that  originally  specified.  If  the  stresses 
are  obtained  from  double  the  live  load,  the  stress  per  square  inch  in 
members  not  subject  to  counterstresses  will  vary  from  something  less 
than  twice  the  specified  stress  per  square  inch  in  some  members  to 
nearly  or  quite  twice  the  specified  stress  in  others.  Hence,  it  would 
seem  to  be  consistent,  after  obtaining  the  counterstresses  from  double 
the  specified  live  load,  to  allow  nearly  double  the  specified  stress  in 
proportioning. 

All  the  previous  references  to  live- load  stresses  are  intended  to  be 
references  to  the  live  stresses,  with  the  effect  of  shock,  sudden  applica- 
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tion,  etc. ,  included.  The  author's  present  practice  in  determining  what 
members  of  a  bridge  are  liable  to  connterstresses,  and  in  i)roportion- 
ing  them,  is  to  add  to  the  nominal  live-load  stresses  (that  is,  the 
live-load  stresses  with  the  eft'ect  of  shock,  sudden  application,  etc., 
neglected),  125%",  to  combine  the  stresses  thus  increased  with  the 
dead-load  stresses,  and  to  use  double  the  sjaecified  stress  i:)er  square 
inch  in  determining  the  sectional  area  required. 

Fortunately,  even  when  the  specifications  require  no  provision  for 
connterstresses  beyond  what  would  be  produced  by  the  specified  live 
load,  most  bridge  designers  will  make  some  provision,  which,  how- 
ever, will  differ  gi-eatly  according  to  individual  judgment.  If  the 
designers  are  contractors  competing  for  work  on  a  lump-sum  basis, 
under  specifications  deficient  as  regards  connterstresses,  any  i^ro- 
vision  they  may  make  toward  remedying  such  deficiency  is  a  self- 
imposed  handicap. 


For  bridges  with  parallel  chords  resting  on  two  supports,  as  in 
Fig.  2,  this  handicap  generally  is  not  great,  because  for  most  cases 
only  a  few  members  will  have  counterstresses,  even  when  the  live  load 
is  doubled,  and  these  stresses  are  mostly  quite  small ;  but  for  bridges 
with  inclined  chords,  which  for  long  and  moderately  long  spans  are 
now  very  frequently  used,  as  in  Figs.  1  and  3,  the  case  is  quite 
different,  because  the  inclination  of  the  chords  decreases  the  dead- 
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load  stresses  and  increases  the  reverse  live-load  stresses  in  the  web 
members,  thus  increasing  the  counterstresses.  It  is  frequently 
customary  to  start  the  inclination  of  the  chord  at  a  sufficient  distance 
from  the  center  of  the  truss  to  avoid  the  use  of  counters  in  the  por- 
tions of  the  truss  having  an  inclined  chord,  and  to  make  the  in- 
clination as  great  as  the  avoidance  of  counters  and  the  maintenance  of 
the  required  headroom  will  admit.    As  there  is  generally  considerable 
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economy  in  making  the  inclinations  of  the  chords  as  steep  as  possible, 
there  is  a  decided  advantage,  from  the  commercial  point  of  view  of 
the  aforesaid  competing  contractors,  in  making  no  provision  for 
counterstresses  in  excess  of  the  specifications. 

The  chief  danger  to  be  apprehended  from  specifications  which  do 
not  make  adequate  provision  for  counterstresses  lies,  not  in  their  use 
by  those  who  from  self-interest  wilfully  omit  unspecified  provisions 
which  they  believe  to  be  essential  to  good  design,  but  in  their  use  by 
those  who  either  fail  to  realize  that  the  specifications  are  inadequate, 
or  underestimate  the  extent  of  their  inadequacy. 

The  same  causes  which  lead  engineers  to  write  specifications  which 
do  not  make  sufficient  provision  for  counterstresses  may  lead  them  to 
design  bridges  which  are  defective  in  this  regard. 

It  is  believed  that  what  has  been  x^resented  shows  that  provision 
should  be  made  for  counterstresses  from  some  increase  in  the  live 
load,  perhaps  more,  perhaps  less,  than  the  increase  advocated,  and 
that  whatever  provision  is  decided  on  should  in  all  cases  be  definitely 
and  clearly  stated  in  the  specifications. 
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DISCUSSION. 

Henky  B.  Seaman,  M.  Am.  Soc.  C.  E. — The  difficulty  mentioned  by 
tbe  author  arises  from  undue  refinement  m  bridge  design.  The  use 
of  wheel  concentrations  implies  that  Ave  are  designing  for  some  precise 
loading  of  the  jjresent  time,  Avhile,  as  Mr.  Prichard  intimates,  our 
designs  should  be  an  approximate  provision  for  future  conditions. 
The  use  of  wheel  concentrations  practically  submits  the  loading  to- 
the  criticism  of  men  who  are  not  engineers,  but  who,  nevertheless, 
exercise  sufficient  authority  to  restrict  the  loading.  This  condition 
would  be  avoided,  to  some  extent,  if  a  satisfactory  equivalent  load 
could  be  adopted. 

The  method  suggested,  of  doubling  the  load,  will  avoid  the  diffi- 
culty described,  though  it  seems  to  be  rather  an  extreme  measure. 
Fifteen  years  ago  bridges  were  designed  for  25  000-lb.  concentrations, 
and  to-day  the  actual  concentrations  in  some  instances  reach  nearly 
50  000  lbs. ;  but  this  does  not  mean  that  they  will  reach  100  000  lbs. 
in  the  future.  The  larger  part  of  the  present  increase  took  place 
between  1885  and  1890,  and  the  increase  since  the  latter  date  has  been 
comparatively  slight,  though  its  adoption  has  been  more  general.  The 
weights  of  locomotives  having  been  increased  about  as  much  as  the 
present  gauge  and  car  clearance  will  permit,  any  future  increase  will 
arise  from  a  change  of  the  distribution  rather  than  from  any  material 
increase  of  concentration,  and  there  seems  to  be  no  possibility  of 
doubling  the  loads  for  which  the  heaviest  bridges  are  now  designed. 

Henky  S.  Jacoby,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — The  subject 
of  counter-bracing  does  not  usually  receive  the  attention  it  deserves 
in  the  design  of  bridge  trusses.  Sometimes  the  only  rule  followed  is 
to  put  a  counter  in  a  panel  on  each  side  of  those  in  which  theory 
requires  their  insertion  for  the  specified  dead  and  live  loads,  without 
regard  to  the  effect  of  imj)act  or  the  future  increase  of  loads.  In  some 
cases  this  may  be  sufficient,  but  in  other  cases  the  provision  is  wholly 
inadequate.     This  rule  is  certainly  not  a  rational  one. 

The  sj3eciflcation  recommended  in  the  paj)er  is  in  accordance  with 
the  best  practice,  known  to  the  writer,  for  the  design  of  counters. 
The  increase  of  100%  in  the  live-load  stresses,  besides  the  addition  for 
impact,  is  not  simply  to  provide  for  the  gradual  increase  of  the  live 
load  until  it  may  reach  that  figure  before  the  life  of  the  bridge  expires, 
but  to  provide  for  occasional  loads  of  unusual  magnitude,  so  as 
to  avoid  the  necessity  of  shoring  up  bridges  for  such  requirements, 
except  those  which  may  be  nearing  the  end  of  their  service. 

As  pointed  out,  the  need  for  a  better  provision  for  counterstresses 
is  greater  in  trusses  with  curved  chords  than  for  those  with  parallel 
horizontal  chords.     It  seems  that  some  account  should  also  be  taken 
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of  the  stresses  clue  to  the  overturning  moment  of  the  wind,  for  a  Mr.  Jacoby. 
reversal  of  stress  elite  to  insufficient  counter-bracing  caused  by  the 
wind  in  conjunction  with  the  live  load  may  be  just  as  serious  in  its 
results  as  if  it  were  caused  entirely  by  the  live  load. 

Under  the  usual  specifications,  the  stress  due  to  the  wind  may  be 
neglected  in  the  design  of  any  member  unless  its  magnitude  exceeds  a 
given  jjercentage  of  the  dead  plus  live-load  stresses,  its  character 
being  the  same.  When,  however,  the  character  of  the  wind  and  live- 
load  stresses  is  different  from  that  of  the  dead-load  stress  it  may 
require  but  a  relatively  small  amount  of  the  wind  stress  to  cause  a 
reversal  of  stress,  and  this  fact  often  escapes  notice  on  accoimt  of  the 
too  prevalent  custom  of  failing  to  compute  any  minimum  stresses. 

Again,  the  addition  of  a  counter-brace  in  a  panel  may,  in  turn, 
not  only  modify  the  magnitude  of  the  minimum  stress  in  an  adjacent 
vertical,  but  may  actually  change  the  character  of  that  stress,  and 
thereby  affect  its  design  to  a  greater  or  less  extent. 

F.  C.  KuNz,  M.  Am.  Soc.  C.  E.  (by  letter). — The  fact  that  the  Mr.  Kunz. 
counters  are  the  weakest  members  of  a  bridge  is  justly  claimed  as  one 
of  the  reasons  for  the  preference  of  those  sisecifications  which,  con- 
trary to  the  fatigue  formulas,  assume  a  constant  unit  stress  and  add 
to  the  live  load  a  certain  percentage  for  the  efi'ect  of  impact.  This 
percentage  varies  inversely  with  the  loaded  length,  and  is,  therefore, 
greater  for  the  counters  than  for  the  main  diagonals,  and  greater  for 
the  latter  than  for  the  chords.  The  result  is  that  the  counters  are 
comparatively  heavier  than  the  other  members  of  the  truss,  and  are 
sometimes  necessitated  in  panels  in  which  the  fatigue  formulas  would 
not  call  for  their  use.  It  is  evident  that  a  portion  of  this  jjercentage 
for  impact  can  be  considered  as  an  increase  of  the  live  load  itself,  as 
long  as  we  reduce  the  impact,  for  instance,  by  reducing  the  velocity  of 
the  live  load,  thus  bringing  the  latter  nearer  to  a  static  loading.  The 
result  would  be,  however,  that  the  different  members  of  the  bridge 
would  be  subjected  to  diff"erent  unit  stresses.  This  is  allowable  for 
small  variation  of  the  live  load,  but,  in  the  last  few  years,  the  increase 
in  the  weight  of  the  rolling  load  has  been  extraordinary,  as  the  follow- 
ing figures  will  show.  In  the  beginning  of  this  decade  a  great  number 
of  bridges  were  in  service  which  were  designed  originally  for  a  live 
load  consisting  of  two  engines  of  55  tons  each,  followed  by  cars 
weighing  20  tons  each,  while  the  new  specifications  of  that  time  called 
for  a  live  load  consisting  of  100-ton  engines  and  cars  of  40  tons.  At 
the  present  time,  most  railroads  specify  engines  weighing  120  up  to 
175  tons  (Lehigh  Valley  Mountain  Engine)  and  cars  weighing  up  to  50 
tons  and  more,  and  there  is  no  indication  that  the  limit  has  been 
reached. 

In  1895,  when  the  Pencoyd  Iron  Works  were  building  a  great  number 
of  bridges  for  the  Missouri,  Kansas  and  Texas  Eailway,  they  allowed 
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Mr.  Kunz.  in  their  designs — "  Pencoyd  Standards" — for  a  future  increase  of  the 
live  load  in  the  following  manner: 

The  unit  stress  of  the  Pencoyd  Specifications  for  soft  steel  is  15  000 
lbs.  per  square  inch,  but  there  is  no  reason  why  the  material  could  not 
be  stressed  to  two-thirds  of  the  elastic  limit,  i.  e. ,  20  000  lbs.  per  square 
inch  if  necessary.  It  was  determined  what  increase  of  live  load,  con- 
sidering the  impact,  corresponded  to  an  allowable  unit  stress  of  20  000 
lbs.  per  square  inch  in  the  chords.  This  increase  depends,  of  course, 
on  the  ratio  of  the  dead  load  to  the  sum  of  the  live  load  and  the  per- 
centage for  impact,  and  is  a  minimum  when  the  dead  load  =  0,  in 
Avhich  case  it  is  33  per  cent.  The  chords  were  selected  because  of 
their  considerable  weight,  amounting  to  about  one-half  of  the  whole 
truss,  and  because  they  are,  of  all  the  truss  members,  affected  the 
least  by  an  increase  of  the  live  load,  since  the  ratio  of  the  aj^i^roxi- 
mately  constant  dead-load  stress  to  the  stress  caused  by  the  varying 
live  load  is  the  greatest.  For  ordinary  plate-girders  the  allowable 
increase  was  found  to  be  35  to  385*^;  for  a  100-ft.  lattice  girder,  40^; 
for  a  150-ft.  pin  bridge,  41%";  and  for  a  250-ft.  pin  bridge,  45  jier  cent. 
As*  an  average,  42%'  was  assumed,  and,  with  a  live  load  increased  by 
this  amount,  with  the  corresponding  percentage  for  impact  and  a  unit 
stress  of  20  000  lbs.  per  square  inch,  the  web  members  and  the  floor 
were  i^roportioned.  This,  of  course,  is  exact  only  when  the  wheel 
spacing  and  the  ratio  of  the  wheel  loads  would  remain  the  same. 

The  resulting  increase  in  sections  was  comparatively  small,  and,  as 
a  rule,  affected  only  the  diagonals  and  counters,  the  floor  and  the  con- 
nections, and  in  some  cases  necessitated  the  use  of  extra  counters.  For 
the  details,  unit  stresses  increased  by  one-third  over  their  amount 
otherwise  allowed  have  been  used. 

The  Pennsylvania  Eailroad  Sijeciflcations  of  1897  contain  a  similar 
clause;  it  allows  for  100%  increase  of  live  load  and  a  unit  stress  of 
30  000  lbs.  per  square  inch,  respectively,  twice  the  unit  stress  other- 
wise allowed. 

It  is  interesting  to  note  that  in  Europe,  although  si^eciScations 
using  a  percentage  of  the  live  load  for  imj)act  which  varies  with  the 
loaded  length  have  been  proposed  (by  Professor  Melan,  1893),  they 
have  not  been  officially  recognized  as  yet;  some  of  the  railroads  using 
a  more  or  less  changed  Launhardt-Weyrauch  formula  (France,  Switzer- 
land and  part  of  Germany),  others  using  a  higher  unit  stress  for  longer 
sjaans  than  for  shorter  ones,  but  making  no  distinction  between  differ- 
ent members  or  between  dead  or  live-load  stresses  (Prussia,  Austria, 
Russia),  and,  again,  others  increasing  the  live-load  25  to  50%,  ii-re- 
spective  of  truss  member  or  length  of  span  (Prussia,  Bavaria,  Saxony). 
The  most  elaborate  instructions  concerning  the  in-oportioning  of  diag  - 
onals  have  been  given  in  a  circular  of  July  21st,  1899,  by  the  Prussian 
Minister  of  Public  Works : 
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First,  where  diagonals  capable  of  tension  only  are  used,  provide  Mi-.  Kunz. 
counters  in  every  panel  in  which  a  live-load  increased  by  50%  reverses 
the  stress  of  the  main  diagonal,  the  section  as  well  as  the  number  of 
connecting  rivets  of  all  the  counters  to  be  made  the  same  as  for  the 
counters  for  the  middle  jjanel  or  panels.  The  counters  ara  to  be  put 
in  place  after  the  bridge  is  swixng,  the  holes  for  the  connecting  rivets 
on  one  end  to  be  drilled  in  the  field  in  such  a  manner  as  to  give  an 
initial  tension. 

Second,  when  stiff  diagonals  are  used  the  counter  stresses  have  to 
be  determined  with  the  original  live  load  (without  any  increase),  but, 
in  proportioning  the  diagonals,  the  stresses  of  which  can  be  reversed, 
use  throughout  the  counter  stress  of  the  diagonals  of  the  middle  panel 
or  panels,  assuming  only  one  diagonal  as  acting. 

Ika  O.  Bakek,  M.  Am.  Soc.  C.  E.  (by  letter). — In  submitting  the  fol-  Mr.  Baker, 
lowing,  the  writer  has  the  feeling  that  possibly  it  is  too  elementary 
and  too  nearly  self-evident  to  warrant  its  presentation  in  this  place. 
However,  since  no  treatise  on  bridges,  which  is  known  to  the  writer, 
even  mentions  the  matter,  and  since  two  computers  of  two  of  the  best 
of  the  smaller  bridge  manufacturers  certainly  do  not  know  of  the 
method,  it  will  be  briefly  stated.  The  writer  has  used  this  method 
in  his  class-room  for  over  twenty  years. 

In  finding  the  stresses  in  the  web  members  of  a  railroad  bridge,  due 
to  a  uniform  load,  it  is  apparently  the  custom  to  use  the  same  load, 
whatever  the  proportion  of  the  span  covered,  regardless  of  the  fact 
that  the  equivalent  uniform-load  corresjionding  to  the  ordinary  train 
increases  as  the  length  of  load  considered  decreases.  For  example, 
assume  that  it  is  proposed  to  find  the  web  stresses  in  a  six-jianel,  120- 
ft.  span,  due  to  a  given  engine  and  train.  The  equivalent  uniform 
load  for  120  ft.,  according  to  a  standard  diagram,  is  4  545  lbs.  per 
lineal  foot  of  track;  and  this  is  the  load  to  be  used  in  finding  the 
stress  in  the  inclined  end  post.  To  produce  a  maximum  in  the  tie  in 
the  panel  next  to  the  end,  the  load  should  cover  four  joanels,  or  4x  20  = 
80  Ft.  The  equivalent  uniform-load  for  80  ft.  is  4  650  lbs.  per  foot, 
and  this  load  should  be  used  in  finding  the  stress  in  the  tie  in  the 
second  panel.  Similarly,  the  load  for  the  third  panel  is  5  050  lbs.  per 
foot,  and  for  the  fourth  panel  5  670  lbs.  per  foot. 

If  the  writer  is  correct  in  his  belief  that  the  above  method  is  not 
generally  used,  then  when  the  maximum  web  stresses  are  computed 
by  using  an  equivalent  uniform-load,  they  are  generally  less  than  the 
actual  stresses,  and  the  difference  is  greater  in  the  counterstresses 
than  in  the  main  stresses. 

Heney  S.  Peichaed,  M.  Am.   Soc.    C.  E.    (by  letter). — The  writer  Mr.  Prichai 
does  not  share  Mr.  Seaman's  belief  that  an  intimate  connection  exists 
between  insuflScient  provision  for  counterstresses  and  the  use  of  wheel 
concentrations  in  designing  bridges.     At  any  rate  there  is  nothing  to 
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Mr.  Pricharti.  prevent  those  who  prefer  the  use  of  wheel  concentration  from  having 
sound  judgment  regarding  the  proj^er  provision  for  counterstresses.  It 
may  be  that  the  present  loads  will  not  be  greatly  increased  in  the  future, 
but  the  author  cannot  agree  with  Mr.  Seaman  that  there  seems  to  be 
no  possibility  of  doubling  the  loads  for  which  the  heaviest  bridges  are 
now  designed.  At  any  time  during  the  j)ast  15  years  there  have  been 
those  who  thought  that  the  increase  in  loading  had  reached  its  limit. 
If  the  limit  has  now  certainly  been  reached,  then  the  provision  pro- 
posed for  counterstresses  would  probably  be  greater  than  necessary, 
but  so  also  would  be  the  provision  generally  made  for  all  the  other 
stresses. 

As  Professor  Jacoby  points  out,  an  increase  of  100%  in  the  live-load 
stresses,  besides  the  addition  for  impact,  is  not  simjjly  to  provide  for 
the  gradual  future  increase  of  loads.  It  is  in  reality  a  factor  of  safety 
against  any  contingency  in  which  the  effect  of  the  load  on  counter- 
stresses  is  greater  than  would  be  anticipated  from  the  normal  loading. 
The  author  would  not  consider  it  -wise  to  make  this  factor  of  safety  as 
low  as  42%,  as  Mr.  Kunz  stated  was  done  in  the  cases  he  cites  of 
bridges  for  the  Missouri,  Kansas  and  Texas  Eailway.  If,  in  those 
bridges,  the  effect  of  the  load  was,  from  any  cause,  slightly  more  than 
42%  in  excess  of  what  would  be  anticipated  from  the  normal  load, 
then,  as  regards  all  stresses  other  than  counterstresses,  the  effect 
would  simply  be  to  increase  the  stresses  to  slightly  over  20  000  lbs. 
per  square  inch;  but,  for  counterstresses,  the  effect  might  be  to  put 
counterstresses  where  no  provision  whatever  has  been  made  for  them. 

The  writer  prefers  the  provision  cited  by  Mr.  Kunz  as  given  in  the 
Pennsylvania  Eailroad  Specifications  of  1895.  This  provision,  which 
consists  of  doubling  both  the  live  load  and  the  allowed  unit  stress, 
was  made  at  the  writer's  suggestion,  after  a  preliminary  draft  of  the 
specifications  had  been  submitted  to  him  for  criticism. 

Mr.  Kunz's  synopsis  of  European  practice  is  interesting,  but  the 
instructions  by  the  Prussian  Minister,  to  which  he  refers,  seem  to  be 
more  complicated  than  scientific. 

The  influence  of  the  wind  in  reversing  stresses  should  be  considered, 
as  stated  by  Professor  Jacoby,  but,  as  the  maximum  wind  pressure,  in 
combination  with  the  other  conditions  which  tend  to  reverse  stresses, 
does  not  occur  frequently,  it  would  seem  to  be  justifiable,  in  providing 
for  its  influence,  to  use  high  unit  stresses. 

Professor  Baker  has  shown  conclusively  that  a  bridge  designed  for 
a  uniform  load  will  have  less  jarovision  for  web  stresses  in  general 
and  counterstresses  in  particular,  in  comparison  with  the  provision 
for  chord  stresses,  than  it  would  have  were  it  designed  for  the  usual 
engine  and  train  load.  While  having  no  connection  with  the  subject 
under  discussion,  it  may  be  remarked,  incidentally,  that  Professor 
Baker's  analysis  also  indicates  the  difficult   nature  of  the   problem 
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Avhicli  confrouts  those  who  are  striving  to  find  some  simple  substitute  Mr.  Prichard. 
for  the  method  of  determining  stresses  from  the  engine  wheel  concen- 
trations. Any  one  who  is  expert  in  the  use;of  the  moment  diagram  will 
find  that  for  ordinary  cases  it  takes  less  time  and  trouble  to  use  the 
method  of  wheel  concentrations  than  it  would  to  use  an  equivalent 
uniform  load  if  a  different  equivalent  had  to  be  determined  for  each 
different  position  of  the  load. 
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MEMOIRS  OF  DECEASED  MEMBERS. 


CHARLES  EDWARD  EMERY,  31.  Am.  Soc.  C.  E.^ 


Died  June  1st,  1898. 


Charles  Edward  Emery  -was  born  at  Aurora,  N.  Y.,  March  29th, 
1838,  and  was  educated  at  the  Canandaigua  Academy.  His  first  work 
was  in  manufactories  and  in  the  drawing  offices  of  railroad  shops  in 
the  vicinity  of  his  home,  after  which  he  turned,  for  two  years,  to  the 
study  of  law,  with  the  intention  of  becoming  a  patent  attorney.  Upon 
the  outbreak  of  the  Civil  War,  Mr.  Emery  organized  a  company  of 
volunteers,  but  on  the  announcement  that  the  company  was  not  needed 
he  sought  admission  to  the  Navy.  He  was  appointed  Third  Assistant 
Engineer  in  the  Navy,  July  11th,  1861,  and  was  promoted  to  Second 
Assistant  Engineer,  December  18th,  1862.  Mr.  Emery's  service  in- 
cluded blockading  duty  with  the  Gtilf  Squadron  and  various  engage- 
ments Avith  the  Confederate  fleet  below  New  Orleans,  battles  with 
forts  at  Pensacola,  Fla. ;  with  Forts  Jackson  and  St.  Philip,  the  cap- 
ture of  New  Orleans  and  lights  with  the  forts  at  Vicksburg  and  Port 
Hudson.  Following  his  promotion,  Mr.  Emery  was  transferred  to  the 
I^ipsic,  the  first  of  anew  class  of  fast  gunboats,  stationed  in  Dahlgren's 
fleet,  off  Charleston,  S.  C.  Some  suggestions  made  by  him,  as  to  ex- 
jjerimental  steam  apparatus,  led  to  his  selection,  by  the  Chief  Engi- 
neer of  the  Navy,  in  1864,  for  scientific  research  in  the  United  States 
Navy  Steam  Exijansion  Experiments  at  New  York.  Mr.  Emery's 
labors  for  the  Government  did  not,  however,  cease  with  his  resigna- 
tion from  the  Navy  in  1868,  for  later  he  served  as  Consulting  Engineer 
and  Chairman  of  the  Board  of  Examiners  of  the  United  States  Revenue 
Marine  and  the  United  States  Coast  Survey,  and,  dating  from  Aijril. 
1872,  as  a  member  of  the  special  commission  advisory  to  the  Secretary 
of  the  Treasury  in  reference  to  the  Revenue  Marine  service. 

Following  his  retirement  from  the  Navy,  Mr.  Emery  was  engaged, 
in  1869,  for  a  year  or  more,  in  making,  for  the  Novelty  Iron  Works  in 
New  York  City,  a  series  of  experiments  upon  stationary  engines  which 
it  was  proposed  to  manufacture.  The  records  of  these  researches 
were  published  subsequently  by  Professor  W.  P.  Trowbridge,  and 
entitled  "Condensing  and  Non-Condensing  Engines."  It  had  been 
arranged  that  Mr.  Emery  should  become  general  superintendent  of 
the  works,  but,  owing  to  a  change  of  plans,   the  establishment  was 

*  Memoir  prepared  by  the  Secretary  from  papers  on  file,  and  from  various  sources. 
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closed,  and  Mr.  Emery  entered  into  business  on  his  own  account,  as  a 
consulting  engineer. 

Mr.  Emery  served  as  General  Superintendent  of  the  Fair  of  the 
American  Institute  in  New  York  City  in  the  au^tumn  of  1869,  and 
directed  the  scientific  work  of  that  institution  in  the  testing  of  engines 
and  boilers.  In  1876  he  was  appointed  a  member  of  the  international 
jury  at  the  Centennial  Exposition,  on  engines,  pumps  and  mechanical 
appliances,  and  was  associate  to  committees  on  other  scientific  ap- 
paratus. He  inaugurated  an  extensive  series  of  tests  of  engines 
and  boilers,  and  prepared  extended  reports  of  this  work,  which  were 
subsequently  published.  In  1893,  Mr.  Emery  was  appointed  one  of 
the  judges  of  the  World's  Columbian  Exposition,  on  dynamos  and 
motors.  He  served  in  1884  on  the  committee  appointed  by  the  Amer- 
ican Society  of  Mechanical  Engineers,  to  jirei^are  a  code  for  steam 
boiler  trials,  and,  in  1895,  was  made  chairman  of  a  committee  to  revise 
the  code  jireviously  reported.  He  was  engaged  in  the  final  revision  of 
this  committee's  report  at  the  time  of  his  death. 

Mr.  Emery's  advisory  services  for  the  National  Government  began 
in  1869,  with  his  appointment  as  Consulting  Engineer  to  the  Coast 
Survey  and  to  the  Eevenue  Marine.  His  engagement  with  these 
branches  terminated  when  they  passed,  successively,  into  the  control 
of  the  Navy  Department,  in  1879  and  1891.  He  fitted  out  nearly  twenty 
of  the  revenue  cutters,  being  in  some  cases  responsible  for  the  con- 
struction of  the  hulls,  as  well  as  the  machinery.  His  experimental 
work  in  this  service,  in  the  construction  of  economical  engines  and  m 
the  scientific  determination  of  engine-efiiciency,  attracted  much  atten- 
tion. In  1874,  he  was  able  to  jjlace  three  different  types  of  machinery 
in  three  hulls  of  the  same  size:  first,  a  long- stroke,  high-pressure,  con- 
densing engine;  second,  a  short-stroke,  low-pressure,  condensing 
engine;  and  third,  a  fore-and-aft  comi^ound  condensing  engine.  These 
vessels,  as  well  as  a  subsequent  one,  in  which  the  cylinder  of  a  high- 
pressure  condensing  engine  was  jacketed,  were  tested  by  a  joint  board 
of  engineers  from  the  Navy  and  Treasury  Departments,  and  the  pub- 
lished results  of  this  trial,  together  with  an  analysis  of  them  by  Mr. 
Emery,  were  widely  circulated  and  used.  Soon  after  this,  New  York 
University  conferred  upon  him  the  degree  of  Doctor  of  Philosophy. 

Possibly  the  most  notable  of  Mr.  Emery's  engagements  in  private 
practice  was  the  work  of  the  New  York  Steam  Company,  which  he 
took  up  in  1879.  This  involved  the  generation  of  steam  in  a  central 
plant  and  its  distribution  for  heating  and  power  purposes.  In  its 
construction,  the  plant  was  the  largest  of  the  kind  attempted,  and 
included  pioneer  work  in  many  details.  The  design  and  sujjerintend- 
ence  of  the  construction  of  this  i^lant  were  in  Mr.  Emery's  charge 
until  1887,  and,  with  its  working,  were  described  in  a  paper  read 
before  the  Institution  of  Civil  Engineers,  in  1889.     For  that  contribu- 
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tion,  the  Institution  awarded  liim  a  Watt  medal  and  a  Telford  pre- 
mium. 

Mr.  Emery's  practice  as  a  consulting  engineer  and  professional 
expert  was  extensive,  and  his  ser voices  were  in  request  in  important 
legal  cases.  As  consulting  engineer  for  the  City  of  Fall  River,  Mass., 
he  was  instrumental  in  bringing  about  a  novel  compromise  of  the  diffi- 
culties between  the  city  and  the  mill  owners,  resulting  in  an  agree- 
ment whereby  water  was  to  be  thereafter  furnished  to  the  city  from 
the  Watujjpa  ponds  in  consideration  of  the  abatement  of  taxes  on 
water  jjower.  He  was  a  member  of  the  commission  on  the  purchase 
of  the  Long  Island  Water  Supply  Comi^any's  plant  by  the  City  of 
Brooklyn,  N.  Y. ;  was  engaged  in  the  matters  of  the  water  supplies  of 
the  cities  of  Newark,  N.  J.,  Lowell  and  Worcester,  Mass.;  the 
Holyoke,  Mass.,  water-power  tax  cases,  and  had  been  consulting 
engineer  for  the  Pneumatic  Dynamite  Gun  Company.  In  1887,  he 
served  as  a  member  of  the  Board  of  Experts  appointed  to  give  an 
opinion  as  to  the  best  method  of  increasing  the  number  and  size  of 
trains  on  the  New  York  and  Brooklyn  Bridge,  by  changes  in  the  New 
York  terminal,  and  at  the  time  of  his  death  he  represented  the  Central 
Railroad  of  New  Jersey  in  the  matter  of  the  Bound  Brook  floods. 

Mr.  Emery  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  May  6th,  1874.  He  contributed  extensively  to  scientific  litera- 
ture and  to  the  publications  of  the  engineering  societies  in  which  he 
held  membership.  The  jjajaers  by  Mr.  Emery  published  in  the  Trans- 
actions of  this  Society  include:  "  Comjiound  and  Non-Compound  Steam 
Engines,  Steam  Jackets,  Etc.,"  December,  1874;  "Connected-Arc 
Marine  Boilers;  Principles  of  their  Construction,"  December,  1876; 
"Relative  Qiiantities  of  Material  in  Bridges,  of  Different  Kinds,  of 
Various  Heights,"  read  at  the  Ninth  Annual  Convention,  April  2.5th, 
1877;  "Steam  Engine  Economy,"  March,  1878;  "Flexure  and  Trans- 
verse Resistance  of  Beams,"  June,  1879;  "The  Cost  of  Steam  Power," 
June,  1883;  "  The  Station  B  Chimney  of  the  New  York  Steam  Com- 
pany," AjDril,  1885;  "A  Novel  Application  of  the  Polar  Planimeter," 
July,  1886;  "  Clamp  for  Pulling  Sheet  Piling,"  March,  1889;  "  Observa- 
tions on  the  Forth  Bridge,"  June,  1890,  and  "District  Steam  Systems," 
March,  1891.  Mr.  Emery  was  also  a  Member  of  the  Institution  of 
Civil  Engineers,  the  American  Society  of  Mechanical  Engineers,  the 
American  Institute  of  Electrical  Engineers,  the  American  Institute 
of  Mining  Engineers,  the  American  Association  for  the  Advance- 
ment of  Science  and  a  Fellow  of  the  Brooklyn  Institute  of  Arts  and 
Sciences. 
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HENRY  FLAD,  M.  Am.  Soc.  C.  E.* 


Died  June  20th,  1898. 


Henry  Flad  was  one  of  many  men  of  rare  ability  for  whose  pres- 
ence in  America  we  are  indebted  to  tlie  Republican  Eevolution  of 
1848-49  in  Germany.  He  was  born  July  30th,  1824,  in  the  Grand 
Duchy  of  Baden,  near  the  imiversity  town  of  Heidelberg.  His  father, 
Jacob  Flad,  dying  within  the  same  year,  his  mother,  Francisca  Brunn 
Flad,  very  soon  afterward  removed  to  the  town  of  Speyer,  a  few  miles 
distant,  upon  the  left  bank  of  the  Rhine,  in  the  Rhine  Palatinate,  a 
province  belonging  to  Bavaria.  After  passing  through  the  prepara- 
tory schools  of  Speyer,  young  Henry  entered  the  University  of 
Munich,  in  Bavaria,  where  he  took  the  polytechnic  course.  Upon  his 
graduation  in  1846,  at  twenty-two  years  of  age,  he  was  given  a  posi- 
tion in  the  engineering  service  of  the  Bavarian  Government,  his  first 
employment  being  on  works  for  the  improvement  of  the  River  Rhine. 

The  years  which  immediately  followed,  particularly  1848  and  1849, 
were  years  of  great  political  commotion  throughout  Europe.  Encour- 
aged by  the  success  of  the  revolution  in  France,  which  drove  out 
King  Louis  Philippe,  the  longings  of  the  German  people  for  a  freer 
and  more  united  government  found  such  vigorous  exjiression  that  the 
princes  of  the  many  petty  States  into  which  Germany  was  divided 
acceded  to  the  convocation  of  a  National  Assembly  or  Parliament, 
which,  in  May,  1848,  met  in  Frankfurt  to  frame  a  constitution  for 
United  Germany.  Unfortunately,  the  deliberations  of  this  assembly 
showed  such  wide  differences  of  opinion  and  so  little  ability  to  unite 
in  any  workable  j^lan  that  the  ardor  of  the  more  conservative  classes 
began  to  cool.  The  princes  seized  their  opportunity  to  reassert  them- 
selves, and  repudiated  the  authority  of  the  Parliament. 

In  Southern  Germany,  the  champions  of  the  Parliament  took  up 
arms  in  its  behalf.  Among  them  was  Henry  Flad,  who,  then  in  his 
twenty-fifth  year,  joined  the  Parliamentary  army  as  a  captain  of  engi- 
neers. Fortune,  however,  was  against  them,  and,  after  several  engage- 
ments, the  Parliamentary  army  was  driven  into  Switzerland,  and  dis- 
banded. Meanwhile,  its  leaders  were  placed  under  the  ban,  and 
Captain  Flad,  with  many  others,  was  sentenced  to  death. 

Under  these  circumstances  he  very  naturally  turned  his  face  west- 
wai'd,  took  passage  for  the  United  States,  and,  in  the  autumn  of  1849, 
landed  in  New  York. 

His  first  employment,  after  his  landing,  was  as  a  draftsman  in  an 
architect's  office.     It  was  not  long,   however,  before  he  entered  the 

*  Memoirprepared  by  Robert  Moore,  Joseph  P.  Davis  and  J.  A.  Ockerson,  Members. 
Am.  Soc.  C.  E. 
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engineering  service  of  the  New  York  and  Erie  Eailroad,  then  under 
consti'uction,  his  headquarters  being  at  Dunkirk,  at  the  extreme  west- 
ern end  of  the  road.  Mr.  James  P.  Kirkwood  and  Mr.  James  H. 
Morley,  with  whom  Captain  Flad  was  afterward  associated,  were  also 
employed  at  this  time  on  the  same  road.  After  the  completion  of  the 
New  York  and  Erie  Eailroad,  in  1851,  we  first  hear  of  Captain  Flad  as 
located  for  a  time  at  Tonawanda,  between  Niagara  Falls  and  Buffalo; 
and,  then,  in  1852,  as  an  assistant  engineer  in  the  construction  of  the 
Ohio  and  Mississipjai  Railroad  from  Cincinnati  to  St.  Louis,  his  head- 
quarters being  at  Vincennes,  Ind. 

Upon  the  opening  of  the  Ohio  and  Mississippi  Eailroad  to  St. 
Louis,  in  1854 — that  being  the  first  railway  to  reach  St.  Louis  from 
the  East — Captain  Flad  went  to  Missouri  as  an  assistant  engineer  on 
the  Iron  Mountain  Railroad,  of  which  his  former  colleague  on  the 
Erie  Eailroad,  Mr.  James  H.  Morley,  was  the  chief  engineer.  During 
the  construction  of  this  road.  Captain  Flad  was  located  at  Potosi,  Mo. 
After  its  completion  to  Pilot  Knob,  where  for  a  number  of  years  it 
ended,  he  became  land  and  tie  agent  of  the  railroad  company,  with 
headquarters  at  Arcadia,  Mo.  During  this  period,  on  September  12th, 
1856,  Captain  Flad  was  married  to  Miss  Eeichard,  of  St.  Louis. 

Upon  the  outbreak  of  the  Civil  War,  in  1861,  Captain  Flad  came  to 
St.  Louis;  and  enlisted,  on  June  15th,  as  a  private  soldier  in  Company 
F,  of  the  Third  Eegiment,  United  States  Eeserve  Corps.  He  was  soon 
promoted  Corporal,  and  then  Sergeant. 

In  July,  1861,  a  regiment,  known  as  "  The  Engineer  Eegiment  of 
the  West,"  recruited  mainly  in  the  States  of  Illinois  and  Missouri,  was 
organized  by  Colonel  J.  W.  Bissell,  and  Henry  Flad  was  made  Captain 
of  Company  B.  In  August  of  the  same  year  he  was  detailed  by  General 
Fremont,  then  in  command  at  St.  Louis,  for  service  in  the  construction 
of  fortifications  at  Cape  Girardeau,  Mo.,  where  he  remained  for  several 
months.  Later  in  the  year,  when  Fremont  was  succeeded  by  General 
Halleck,  Captain  Flad  was  ordered  to  join  General  Pope  in  southeast 
Missouri,  and  served  as  a  staff  oflicer  through  the  campaign  of  New 
Madrid  and  Point  Pleasant,  and  at  the  taking  of  Island  Number  Ten, 
after  which  he  rejoined  his  regiment  at  New  Madrid.  He  was  with  his 
regiment  at  Fort  Pillow  and  Pittsburg  Landing,  and  during  the  opera- 
tions before  Corinth.  During  the  summer  of  1862  he  was  engaged  in 
repairing  the  Mobile  and  Ohio  Eailroad,  in  biiilding  forts  at  Corinth, 
and  in  repairing  the  Mississippi  Central  Eailroad.  He  was  also 
engaged  in  Grant's  advance  on  Grenada.  In  February,  1863,  he  was 
ordered  to  Young's  Point,  where  he  was  employed  in  engineering 
work,  as  he  was  later  at  Baxter  Bayou,  Lake  Providence  and  Bayou 
Macon. 

In  April,  1863,  he  had  charge  of  the  repairs  of  the  Memphis  and 
Charleston   Eailroad   at    Memjjhis,     Grand    Junction,    Jackson    and 
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Columbus.  In  October  of  the  same  year  lie  was  employed  in  repairing 
the  same  railroad  east  of  Corinth,  under  General  Sherman,  and  was 
with  him  at  Cherokee,  Bear  Creek  and  luka,  in  northern  Mississippi. 

Meanwhile  he  had  been  promoted  on  November  17th,  1862,  to  the 
rank  of  Major,  on  July  30tb,  1863,  to  that  of  Lieutenant-Colonel,  and 
on  October  16th,  1863,  to  that  of  Colonel.  On  January  1st,  1864,  at 
Nashville,  Tenn.,  he  was  transferred,  as  Colonel,  to  the  First  Eegiment 
of  Engineers,  Missouri  Volunteers,  a  new  regiment  formed  by  the  con- 
solidation of  the  former  engineer  regiment  and  the  Twenty-fifth  Mis- 
souri Infantry.  During  the  summer  of  1864  he  was  engaged  in  com- 
pleting the  Nashville  and  Northwestern  Kailroad  from  Nashville  to 
Johnsonville,  and  in  constructing  defensive  works.  In  Aiigust  he  was 
ordered  to  Atlanta,  and  served  there  and  in  that  neighborhood  until 
about  the  first  of  November,  his  last  work  being  the  construction  of  a 
new  line  of  fortifications  at  Atlanta. 

At  that  time  the  term  of  enlistment  of  seven  companies  expired. 
The  command  of  the  remaining  five  companies  then,  under  the  army 
regulations,  devolved  upon  the  Lieutenant-Colonel,  and  the  Colonel 
was  mustered  out  November  12th,  1864,  at  Nashville,  Tenn.  His  term  of 
service  had  been  three  years  and  six  months,  during  which  time,  with 
not  more  than  a  week's  leave  of  absence,  he  had  been  constantly  in  the 
field. 

Upon  being  mustered  out,  Colonel  Flad  returned  to  St.  Louis,  and 
began  to  look  around  for  employment  in  his  profession.  In  a  short 
time  the  agitation  for  an  improved  water  supply  for  St.  Louis  resulted 
in  a  State  law  authorizing  the  appointment  of  a  Board  of  Water  Com- 
missioners, charged  with  the  duty  of  making  surveys  and  plans  and 
constructing  a  new  system  of  water-works  for  the  city.  Soon  after  the 
organization  of  the  new  board,  in  the  spring  of  1865,  Mr.  James  P. 
Kirkwood,  who  had  formerly  been  chief  engineer  of  the  Pacific  (now 
the  Missouri  Pacific)  Railroad,  and  had  just  completed  the  building  of 
new  water-works  for  Brooklyn,  N.  Y.,  was  appointed  chief  engineer, 
and  Henry  Flad,  chief  assistant  engineer. 

Surveys  and  investigations  were  at  once  begun,  and,  by  the  end  of 
the  year,  a  plan  was  presented  for  new  works  with  intake,  settling 
basins  and  filter  beds  at  the  Chain  of  Rocks,  and  a  distributing  reservoir 
on  what  was  then  known  as  Rinkel's  Hill,  on  Easton  Avenue,  near  the 
present  city  limits.  This  plan  received  the  approval  of  the  Board  of 
Water  Commissioners;  and,  as  subsequent  exj)erience  has  abundantly 
proven,  was  undoubtedly  the  best.  But,  besides  running  counter  to 
some  private  interests,  it  involved  such  a  large  outlay  and  such  a 
radical  departure  from  the  old  plan  that,  on  the  part  of  many  leading- 
citizens,  as  well  as  the  city  authorities,  it  encountered  overwhelming- 
disapproval.  The  opj)ositiou  finally  became  so  great  that  the  Water 
Commissioners  were  called  upon  by  the  City  Council  to  resign.     To 
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tliis  demand  they  jDresently  acceded,  and,  in  July,  1866,  a  new  board, 
committed  to  a  new  plan,  was  appointed.  Meanwhile  Mr.  Kirkwood 
had  been  commissioned  to  go  to  Europe  to  study  the  subject  of  filtra- 
tion, and  Colonel  Flad  was  left  as  acting  chief  engineer.  In  Decem- 
ber, 1866,  a  revised  plan,  with  intake  and  settling  basins  at  Bissel's 
Point  and  a  distributing  reservoir  on  Compton  Hill,  substantially  as 
afterward  built,  was  presented. 

Early  in  the  following  year,  the  act  organizing  the  Board  of  Water 
Commissioners  was  amended,  the  number  of  members  being  reduced 
from  four  to  three,  and  in  March,  1867,  a  new  board  was  apj^ointed 
with  Colonel  Flad  as  one  of  its  members.  This  position  he  held  con- 
tinuously by  reappointment  for  eight  years,  or  until  April,  1875.  Dur- 
ing that  time  the  new  water-works  were  completed,  and  during  the 
year  1872  were  put  into  service. 

While  he  was  still  acting  as  assistant  engineer  to  Mr.  Kirkwood, 
Colonel  Flad  made  the  acquaintance  of  Captain  James  B.  Eads,  who 
was  at  that  time  engaged  upon  plans  for  gun  carriages  and  turrets. 
The  rooms  occupied  by  the  Water  Board  being  larger  than  they  then 
needed.  Captain  Eads,  upon  his  request,  had  been  granted  space  in 
which  to  place  a  draftsman  at  work.  This  was  follow-ed  by  frequent 
discussions  between  the  two  men  upon  engineering  questions,  which 
led  to  a  mutual  recognition  of  each  other's  abilities  and  laid  the  foun- 
dation of  a  life-long  friendship.  When,  therefore,  in  1868,  Captain 
Eads,  as  chief  promoter  as  well  as  chief  engineer,  was  ready  to  begin 
the  work  of  constructing  the  great  bridge  over  the  Mississippi  Kiver 
at  St.  Louis,  he  very  naturally  tendered  the  position  of  chief  assistant 
engineer  to  Colonel  Flad.  As  the  duties  of  the  latter  as  member  of 
the  Board  of  Water  Commissioners  did  not  require  all  his  time,  this 
opportunity  to  take  part  in  this  most  interesting  and  important  work  was 
gladly  accejated,  and  he  retained  his  connection  with  it  until  its  com- 
pletion in  1874.  Some  of  the  boldest  features  of  this  great  enterprise, 
such  as  the  method  of  erection  without  false  work,  were  due  to  Colonel 
Flad. 

During  1875  and  1876  he  Avas  engaged  as  consulting  engineer  in 
varioiis  works  in  conjunction  with  Mr.  Charles  Pfeifler,  who  had  been 
associated  with  him  on  the  St.  Louis  bridge,  Mr.  Thomas  J.  Whitman, 
Chief  Engineer  of  the  Water- Works,  and  Professor  Charles  A.  Smith,  of 
Washington  University.  Among  his  other  engagements  was  that  of 
engineer  for  the  commissioners  who  purchased  and  laid  out  Forest 
Park,  St.  Loiiis. 

In  the  autumn  of  1876,  the  new  charter  of  the  City  of  St.  Louis 
was  inaugurated,  and  Colonel  Flad  was  elected  the  first  President  of 
the  newly  constituted  Board  of  Public  Imjarovements.  This  otfice  he 
held  continuously  for  nearly  fourteen  years,  being  re-elected  in  1881, 
1885  and  1889. 
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Tlie  i^roblem  to  whicli  the  new  Board  addressed  itself  was  that  of 
taking  the  whole  system  of  municipal  piiblic  works  out  of  the  mire  of 
politics,  and  placing  it  upon  the  basis  of  merit  and  fitness.  Into  this 
work  Colonel  Flad  entered  with  characteristic  zeal  and  a  determin- 
ation which  nothing  could  shake.  His  efforts  were  crowned  with  entire 
success,  so  that  during  the  whole  period  of  his  administration  the 
Board  over  which  he  presided  had  the  entire  confidence  of  the  whole 
community.  Every  citizen  felt  sure  that  in  every  department  of  the 
public  works  the  city  received  a  dollar's  worth  for  every  dollar  spent, 
and  in  this  respect  St.  Louis  became  a  model  for  other  cities. 

In  April,  1890,  he  resigned  his  office  as  President  of  the  Board  of  Public 
Improvements  to  accept  an  appointment  as  member  of  the  Mississippi 
River  Commission,  a  position  in  which  he  remained  until  his  death. 

In  November,  1891,  he  was  ajjpointed  a  member  of  a  committee 
of  the  Commission  to  prepare  a  project  for  the  construction  of  a 
dredge  boat  to  be  used  in  deepening  the  Mississippi  River  over  the 
bars  in  extreme  low  water — a  problem  in  which  his  remarkable 
mechanical  ingenuity  found  a  fertile  field.  After  a  most  careful  study 
of  the  subject  in  all  its  bearings,  plans  were  drawn  for  an  experimental 
dredge,  which  was  built  iinder  his  i^ersonal  supervision. 

While  this  experimental  dredge  was  by  no  means  perfect,  its  main 
features  were  found  to  meet  the  requirements  so  well  that  they  have 
been  embodied  in  all  the  later  dredges  built  by  the  Commission,  and 
its  construction  marks  the  beginning  of  a  new  era  in  the  history  of 
river  improvement. 

Colonel  Flad  became  a  member  of  the  American  Society  of  Civil 
Engineers  on  February  15th,  1871,  and  was  President  of  the  Society 
for  the  year  ending  January  19th,  1887.  He  was  also  a  charter  member 
of  the  Engineers'  Club  of  St.  Louis,  and  for  twelve  years,  from  1868  to 
1880,  was  its  President,  thus  receiving  from  both  organizations  the 
highest  honor  within  their  power  to  bestow. 

His  death  occurred  June  20th,  1898,  at  Pittsburg,  Pa.,  where,  on 
his  way  home  from  a  meeting  of  the  Mississippi  River  Commission,  he 
stopped  to  visit  Mr.  Godfrey  Stengel,  a  life-long  friend  who,  forty- 
nine  years  before,  had  come  with  him  on  the  same  shijD  to  America. 
He  died  very  suddenly  of  acute  heart  failure  while  walking  home  from 
one  of  the  parks  in  company  with  Mr.  and  Mrs.  Stengel.  Up  to  the 
last  moment  he  was  in  excellent  spirits  and  died  without  pain,  as 
without  fear. 

As  an  engineer,  Colonel  Had  was  remarkable  for  his  great  fertility 
of  invention.  For  every  new  problem  he  had  not  only  one,  but  many 
solutions,  and  the  rapidity  with  which  he  grasped  all  its  conditions 
and  framed  his  plans  to  meet  them  amounted  to  genius.  In  doing 
this  he  was  not  limited  by  precedent,  but  looked  instinctively  for  new 
and  better  methods  than  any  before  known.      In  boldness  and  origin- 
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ality  he  has  had  but  few  equals  in  the  annals  of  the  profession.  And, 
like  the  most  successful  workers  in  every  field,  he  delighted  in  his 
work  for  its  own  sake.  Nothing  could  exceed  the  interest  with  which 
he  attacked  a  new  jiroblem,  and  he  gave  himself  no  rest  until  he  had 
solved  it.  The  solution  once  found,  however,  the  whole  subject 
ceased  to  interest  him,  and  he  passed  on  to  something  new.  This 
trait  is  illustrated  by  the  fact  that,  although  he  took  out  numerous 
patents  for  new  and  useful  inventions,  to  their  introduction  and  utili- 
zation he  gave  no  thought.  It  was  the  work,  rather  than  its  rewards, 
for  which  he  cared. 

As  a  man  he  was  equally  great.  His  unassuming  modesty,  his 
perfect  candor  and  simplicity,  his  unflinching  courage,  his  absolute 
fidelity  to  his  convictions,  his  single-minded  subordination  of  personal 
to  the  jiublic  welfare — qualities  which  were  written  in  every  line  of  his 
face  and  manifested  in  every  act  of  his  life — all  stamped  him  as  a  man 
of  the  highest  type.  Anyone  who  knew  him  believed  in  him — without 
limit.  His  name  was  a  synonym  for  fidelity  and  skill,  and  all  knew 
that  every  work  committed  to  his  charge  would  be  well  done  and  come 
from  his  hand  as  sound  and  flawless  as  the  man  himself. 

This  evident  and  perfect  integrity  of  purpose  made  his  public 
service  a  legacy  of  incalculable  value  to  his  fellow  citizens.  His  life 
was  a  demonstration  of  how  honorable  the  public  service  can  be  made, 
and  is  an  encouragement  to  those  who  have  not  yet  lost  faith  in  the 
possibility  of  having  this  service  in  all  its  branches  lifted  to  the  same 
standard  to  "abate  no  jot  of  heart  or  hope,"  but  still  work  on  for  the 
accomplishment  of  this  high  end. 

To  his  fellows  in  his  chosen  calling,  his  name  and  example  are 
especially  precious;  for  in  him  was  realized  the  highest  ideal  of  the 
engineer— a  man  of  trained  intellect,  controlled  by  an  iron  will  and 
directed  to  the  noblest  iniblic  ends.  And  his  success  in  attaining  this 
ideal  will  inspire  others  to  frame  their  lives  ujjon  the  same  noble  lines. 
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SIR  CASIMIR  STANISLAUS  GZOTVSKI,  M.  Am.  Soc.  C.  E.* 


Died  August  •24th,  1898. 


Casimir  Stanislaus  Gzowski  was  born  at  St.  Petersburg,  Russia, 
March  5th,  1813.  He  was  the  son  of  Stanislaus,  Count  Gzowski,  who 
held  a  commission  in  the  Imperial  Guard,  and  was  descended  from  an 
old  Polish  family,  ennobled  in  the  sixteenth  century.  At  the  age  of 
9  years  the  son  was  placed  in  the  Military  Engineering  School  at 
Kremnitz,  and  in  1830  he  received  a  commission  in  the  engineering 
branch  of  the  Imperial  service.  He,  in  company  with  many  other 
officers  of  his  nationality,  was  active  in  the  Polish  insurrection  of 
1830-31,  in  consequence  of  which  he  was  exiled,  after  several  months 
sjient  in  confinement  in  a  military  prison.  He  came  to  the  United 
States  and  landed  in  New  York  City  in  the  summer  of  1833,  a  stranger 
to  the  language  spoken,  without  friends  and  with  but  little  money. 

His  first  task  was  to  acquire  a  knowledge  of  English.  He  had  a 
command  of  Continental  languages,  and  while  pursuing  his  studies 
he  obtained  the  means  of  livelihood  by  teaching  French,  German  and 
Italian  and  by  giving  lessons  in  drawing  and  fencing.  Removing  to 
Pittsfield,  Mass.,  he  began  the  study  of  law  with  Mr.  Parker  Hall. 
He  was  admitted  to  citizenship  in  the  United  States  and  to  the  bar  in 
Pennsylvania  in  1837.  He  continued  the  practice  of  law  for  four  years 
and  then  went  to  Toronto,  with  a  view  of  securing  a  contract  in  con- 
nection with  the  widening  of  the  Welland  Canal. 

Here  he  met  some  of  the  leading  public  men  of  the  Dominion  at 
that  time,  and  Sir  Charles  Bagot,  then  at  the  head  of  the  Canadian 
Government,  formed  a  high  opinion  of  his  ability,  and  procured  for 
Mr.  Gzowski  an  appointment  in  the  Public  Works  Department.  This 
was  the  beginning  of  his  long  and  distinguished  career  in  the  Dominion 
of  Canada.  For  six  years  he  was  Suj^erintending  Engineer  of  Roads 
and  Harbors  in  Western  Ontario,  and  for  three  years  engineer  of  the 
harbor  works  at  Montreal  and  consulting  engineer  of  the  ship  canal 
improvement  between  Montreal  and  Quebec.  He  became  naturalized 
as  a  British  subject,  and  in  1848  left  the  Department  of  Public  Works 
to  become  Chief  Engineer  on  the  construction  of  the  St.  Lawrence 
and  Atlantic  Railway,  now  a  part  of  the  Grand  Trunk  system.  He 
resigned  this  position  in  1852  to  enter  into  partnership  with  Sir 
Alexander  Gait,  Mr.  Luther  H.  Halton  and  the  Hon.  D.  L.  Macpher- 
son,  for  the  construction  of  the  Grand  Trunk  Railway  from  Toronto  to 
Sarnia,  from  Port  Huron  to  Detroit,  and  from  London  to  St.  Mary's. 
In  1867  he  established  the  Toronto  Rolling  Mills  for  the  manufacture 

*  Prepared  by  the  Secretary  from  information  on  file  at  the  House  of  the  Society. 
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of  rails  and  other  railway  material.  In  1870  he  was  appointed  a 
member  of  a  commission  to  inquire  into  the  water  communications 
of  the  Dominion,  and  in  1871  the  firm  of  Gzowski  &  Macpherson 
constructed  the  International  Bridge  over  the  Niagara  Kiver. 
While  in  charge  of  this  work,  Mr.  Gzowski  was  also  called  upon  to 
report  upon  the  enlargement  of  the  Welland  Canal  and  on  the  Baie 
Verte  canal  scheme.  He  was  consulted  frequently  by  the  Dominion 
Government  on  matters  relating  to  railways,  canals  and  harbors. 

Mr.  Gzowski  was  chairman  of  the  Niagara  Falls  Park  Commission, 
one  of  the  founders  of  the  Canadian  Society  of  Civil  Engineers  and  its 
President  for  three  consecutive  years.  He  was  deeply  interested  in 
military  matters  and  in  the  promotion  of  international  marksmanship 
contests.  He  rose  to  the  rank  of  Colonel  in  the  Canadian  militia,  and 
in  1879  was  made  an  honorary  aide-de-camp  to  the  Queen.  He  held 
office  in  1896,  as  Administrator  of  the  Government  of  Ontario.  In 
1890,  in  recognition  of  valuable  services  rendered  to  the  Dominion  of 
Canada,  he  was  created  a  Knight  Commander  of  the  Order  of  St. 
Michael  and  St.  George. 

Mr.  Gzowski  was  elected  a  member  of  the  American  Society  of 
Civil  Engineers,  December  2d,  1868,  and  served  as  one  of  its  Directors 
during  1894. 
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FRANCIS  RINECKER,  M.  Am.  Soc.  C.  E.* 


Died  April  10th,  1899. 


Francis  Rinecker,  of  Wiirzburg,  Germany,  was  born  December  16tli, 
1843.  He  studied  mathematics  and  mechanical  engineering  nnder 
Professer  F.  Redtenbacher  at  the  Polytechnic  School  at  Carlsriihe, 
from  1858  to  1862,  and  civil  engineering  under  Professor  C.  Cnlmann. 
at  the  Polytechnic  School  at  Zurich,  from  1862  to  1864.  He  began 
practical  work  in  November,  1864,  as  assistant  engineer  of  the 
Bavarian  State  Railways,  C.  Hohenner,  chief  engineer.  He  was 
engaged  until  November,  1867,  in  laying  out  and  constructing  part  of 
the  Munich  and  Ingolstadt  Railway.  In  1868  Mr.  Rinecker  traveled 
in  Germany  and  France,  and,  coming  to  the  United  States,  worked  as 
an  architectural  draftsman  from  August  of  that  year  to  April,  1869,  m 
New  York  City,  where  he  served  with  Charles  Pfeifer,  General  Burger 
and  J,  Kellum.  Turning  to  railway  work  in  May,  1869,  he  was  engaged 
successively  as  draftsman,  assistant  engineer  and  principal  assistant 
of  the  construction  department  of  the  Pittsburg,  Fort  Wayne  and 
Chicago  Railway  Company,  and  subsequently  by  the  Pennsylvania 
Company,  until  June,  1873.  Mr.  Rinecker  surveyed  and  constructed 
for  the  company  first  named  the  Erie  and  Pittsburg  Railroad  and  the 
Ashtabula,  Youngstown  and  Pittsburg  Railroad,  and  conducted 
preliminary  surveys  for  the  Shenango  Valley  and  Alliance  Railroad, 
of  which  F.  Slataper,  M.  Am.  Soc.  C.  E.,  was  chief  engineer. 

Returning  to  Europe,  Mr.  Rinecker  served  for  two  and  a  half  years, 
from  January,  1874,  as  Division  Engineer  of  the  Swiss  Central  Railway 
Company,  for  surveys  and  construction  of  the  Liestal  and  Oensingen 
Railway  and  the  Liestal  and  Waldenburg  Railway  (R.  von  Wiirthenau, 
Chief  Engineer).  From  1876  to  1883  he  was  engaged  in  literary  pur- 
suits with  the  especial  view  of  introducing  the  rack  on  the  St. 
Gothard  and  other  mountain  railways.  He  established  in  August,  1883, 
the  firm  of  Rinecker,  Abt  &  Co.,  at  Wiirzburg,  Germany,  for  the  Abt 
system  of  mountain  railways,  and  personally  superintended  the  con- 
struction of  the  Lehesten  &  Oertelsbruch  Railway  and  the  narrow- 
gauge  quarry  tracks  at  Oertelsbruch  and  their  extensions  on  the  Abt 
combination  system.  From  the  establishment  of  this  firm  until  his 
death,  Mr.  Rinecker  had  undertaken  the  construction  of  a  number  of 
Abt  rack  railways,  including  the  Harzbahn  in  Germany,  the  Usui  Toge 
Railway  in  Japan,  the  Transandine  Railway,  the  Nilgiri  Railway,  the 
Mount  Lyell  Railway  in  Tasmania,  the  Mount  Morgan  Railway  in 
Queensland  and  the  Snowdon  Railway. 

*  Memoir  prepared  from  data  furnished  by  Herr  E.  Wirsing,  Wiirzburg,  Germany. 
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In  1891-92  Mr.  Rineeker  traveled  around  the  world,  remaining  in 
Cape  Colony,  New  Zealand,  Australia  and  Japan  for  several  months. 
In  these  countries  he  made  the  acquaintance  of  many  of  the  principal 
engineers,  and  studied  the  application  of  the  Abt  system  to  the  condi- 
tions presented  in  each  land.  After  his  return  he  lived  quietly  at 
Wiirzburg,  and  died  from  influenza. 

Mr.  Rineeker  was  a  member  of  the  Institution  of  Civil  Engineers, 
and  was  elected  a  Member  of  the  American  Society  of  Civil  Engineers 
August  7th,  1872. 
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ROBERT  DELOS  ROWE,  M.  Am.  Soc.  C,  E.* 


Died  March  14th,  1899. 


Robert  Delos  Rowe  was  born  at  Sheridan,  111. ,  August  24tli,  1863,  and 
received  a  common-school  education,  with  an  advanced  course  in  the 
graded  school  of  that  place,  under  the  tutelage  of  Professor  F.  Y. 
Hamilton.  He  went  into  the  field  as  rodman  on  the  construction  of 
the  Atchison,  Topeka  and  Santa  Fe  Railroad  in  Kansas,  in  1878,  and 
served  as  inspector  of  bridging  in  New  Mexico  in  1879-80,  narrowly 
escaping  the  Indians  during  the  Victoria  troubles  of  1882.  Mr.  Rowe 
returned  to  school  in  1883-84,  and  after  taking  an  engineering  course 
at  Valparaiso,  Ind.,  under  Professor  Bogart,  was  advanced  as  Resident 
Engineer  of  the  New  Mexico  Division  of  the  Atchison,  Topeka  and 
Santa  Fe  Railroad,  which  position  he  held  until  1892.  Removing  then 
to  Chicago,  he  built  the  South  Chicago  City  Railway  and  operated  it 
for  about  two  years.  He  then  engaged  in  jjrivate  practice  in  the 
engineering  ijrofession,  became  junior  member  of  the  firm  of  Rowe 
&  Rowe  of  Chicago,  planned  the  large  timber  preserving  works  at 
Somerville,  Tex.,  and  also  similar  works  for  the  Santa  Fe  Pacific  Rail- 
road at  Bellemont,  Ariz. 

Mr.  Rowe  married  in  1885  Miss  Allie  Kyger,  of  Mulberry,  Ind., 
who  died  one  year  later.  He  married  again  in  1897  Miss  Milla  Y. 
Campbell,  of  Chicago,  who  survives  him.  His  death  resulted  from  an 
attack  of  pneumonia.  Mr.  Rowe  was  a  man  of  high  acquirements  and 
strict  integrity,  and  had  earned  the  confidence  of  his  superiors  and 
the  love  of  his  associates  and  employees. 

Mr.  Rowe  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  January  2d,  1890. 

*  Memoir  prepared  by  Samuel  M.  Rowe,  M.  Am.  Soc.  C.  E. 
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WILLIAM  ULYSSES  SCOTT,  Assoc.  M.  Am.  Soc.  C.  E.^ 


Died  Septkmbee  26th,  1898. 


William  Ulysses  Scott  was  born  in  Hoboken,  N.  J.,  January  18tli, 
1870.  From  his  schoolboy  days  he  showed  remarkable  mathematical 
abilities,  and  these  brought  him  into  prominence  in  his  studies  after 
his  removal  with  his  parents  to  Chicago,  111.,  which  occurred  when  he 
was  twelve  years  old. 

His  first  engagement  was  in  March,  1888,  with  the  Wheeling  and 
Lake  Erie  Railroad,  on  the  preliminary  survey  between  Bowerston 
and  Martins  Ferry,  Ohio.  He  s^jent  nearly  two  years  in  the  service  of 
this  road,  rising  to  the  position  of  assistant  in  the  Toledo  office, 
where  he  was  engaged  in  making  calculations  for  preliminary  and 
location  estimates.  In  the  winter  of  1889-90  he  was  employed  with 
John  Hanlon,  of  Canton,  Ohio,  on  the  preliminary  survey  for  the 
Toledo  and  Walhonding  Valley  Railroad,  and  on  the  survey  of  the 
canal  front  at  Massillon,  Ohio.  For  two  periods,  in  1890  and  1891,  he 
was  employed  as  Assistant  Engineer  on  the  maintenance  of  way  of  the 
Second  Division  of  the  Illinois  Central  Railroad,  and  for  three  months 
preceding  March,  1891,  he  was  transitman  on  the  location  survey  of 
the  Fort  Wayne,  Terre  Haute  and  Southwestern  Railway. 

In  March,  1892,  he  again  entered  the  employ  of  the  Illinois  Central 
Railroad  Company  as  Assistant  Engineer  of  the  Louisiana  Division. 
He  had  charge  of  a  variety  of  engineering  work,  including  the  laying 
out  of  yards  and  company  property,  the  construction  of  the  Pacific 
Junction  incline,  the  Poydras  elevator,  survey  for  the  Stiiyvesant 
dock  terminal,  and  round  houses  at  New  Orleans,  La.,  and  Canton, 
Miss. 

Mr.  Scott  had  edited  a  book  of  logarithms,  tables  and  short 
methods  of  computation,  and  was  the  author  of  numerous  tables  for 
frogs  and  switches,  which,  though  never  published,  have  been  found 
of  service  by  many  engineers.  He  was  also  expert  in  laying  out  and 
personally  supervising  intricate  track  work. 

He  was  modest  and  unassuming  in  manner,  highly  esteemed  by  the 
officials  of  the  companies  he  served,  and  popular  with  those  persons 
with  whom  his  work  brought  him  in  contact. 

Mr.  Scott  was  elected  an  Associate  Member  of  the  American  Society 
of  Civil  Engineers,  February  3d,  1897. 

*  Memoir  prepared  by  the  Secretary  from  papers  on  file,  and  from  information 
furnished  hy  Hartwell  P.  Farrar,  B.  M.  Hairod  ana  TS .  W.  Hayden,  Members,  Am.  Soc. 
C.  E. 
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